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Abstract—The rapid development of smartphone technology provides an op-
portunity for use in mathematics learning. One of the uses of smartphone tech-
nology in learning mathematics is mathematics learning games. Research has
shown that mathematics learning games are generally only on numbers and are
still lacking in geometry. This study aims to develop an android-based mathemat-
ics learning game on the geometry topic, i.e., congruence and similarity. This
study's research method is the Plomp development method with three stages: pre-
liminary research, the prototyping stage, and the assessment phase. The subjects
of this study were 56 seventh-grade students from the Wagir Public Junior High
School in Indonesia. Six students participated in small group trials, and 50 stu-
dents participated in field trials. The results showed that the Android-based learn-
ing game on congruence and similarity had been successfully developed. Experts
have validated the game media with a score of 3.36, which shows that the media
created are valid. The practicality tests in the small group trial resulted in a score
of 3.50, while the field trial resulted in a score of 3.51. The effectiveness tests
carried out in the small group trial resulted in a score of 3.36, while the field trial
results had a score of 3.38. These results indicate that the learning games devel-
oped are practical and useful for use in mathematics learning.
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1 Introduction

Mathematics is considered a difficult subject by many students in Indonesia. The
Program for International Student Assessment in 2018 found that the mathematics abil-
ities of Indonesian students ranked 72 out of 78 countries [1]. This shows that students
in Indonesia still experience difficulties in mathematics. Learning innovation is needed
to help students overcome difficulties in learning mathematics. One learning innovation
that has been widely researched is game-based learning. Studies have found that stu-
dents who use game-based learning have better learning outcomes [2], games can in-
crease knowledge of rational numbers in students [3], engagement and attitudes [4], and
have a positive influence on students [5].

To develop exciting learning games, interactive media are needed. Among several
interactive media available, tablets and smartphones are a learning medium that is
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currently being used. The use of tablets in mathematics learning has better results than
using PCs [6]. Mobile learning and game-based learning are two critical elements in
Technology Enhanced Learning [7]. An excellent interactive learning game can be built
with a smartphone because smartphones have advantages over other media, attracting
students' attention. The tendency of students to use media will significantly determine
the success of learning [8]. Well-designed media can positively impact students [9], and
an excellent game-based learning environment supports students' problem-solving de-
velopment [10].

Smartphone-based mathematics learning games are feasible and meaningful because
smartphone digital interactive media is currently part of most children’s lives [11].
Teachers' perceptions are excellent regarding using smartphone applications in learning
[12]. Learning games have been rapidly developing, and the educational community
has started to explore games' effectiveness as a learning tool [13]. Well-designed appli-
cations will help children learn math skills [14]. Using technology that is compatible
with learning will support implementing this learning [15]; thus, smartphone technol-
ogy development in learning must be done.

Research on learning using Android and iOS technology, as stated in [16]-[20], ob-
tained very positive results. Android-based games have been widely researched and
used in mathematics learning [21]-[23]. However, mathematics learning games on the
topic of geometry are still lacking. The majority of android-based learning applications
only teach numbers [19]. Congruence and similarity are geometric topics that are con-
sidered difficult [24]. Therefore, in this study, an Android-based learning game on con-
gruence and similarity was developed. By using this learning game, students are ex-
pected to understand the concept of congruence and similarity, and they will be inter-
ested in and love mathematics.

2 Literature Review

2.1  Technology in mathematics learning and teaching

Mathematics is an abstract science. To teach mathematical concepts, teachers are
required to design lessons that can bridge these abstract concepts. The use of computer
technology to support mathematics learning has been widely researched by experts and
has shown that it can improve students' mathematical abilities. This has been researched
by [25], which states that computer-based mathematics learning can develop students'
cognitive abilities. The use of tablets and computers in learning can improve students'
understanding of numbers [26], mathematics literacy [27], cognitive and affective abil-
ities of students [28], [29].

Research conducted by [30] shows that students who received metacognitive instruc-
tion in computer-based learning showed a more significant increase in their metacog-
nitive knowledge abilities. The research found [31] that computer-based integrated
training can increase student creativity. In addition to these abilities, computer-based
learning also increases positive results in terms of conceptual knowledge, procedural
knowledge, and problem-solving [32]. The results of the study [9], [14], [33], [34]
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show that the use of IT-based media is a positive influence on learning. Specific rea-
soning was found to increase with the application of computer-based learning, and
mathematical skills improve with applications [14].

2.2 Android-based learning game

Learning games are games that aim to learn while playing. Smartphone-based learn-
ing games emphasize game content and objectives and aim to attract interest while
learning. Therefore, it is necessary to have an exciting and fun educational game for
students in the learning process to understand the material provided by educators easily.
Android-based learning games mean the game can be run using a smartphone with the
Android operating system.

Learning games are currently gaining popularity and are being developed by many
experts to support the learning process [35]. Several researchers have conducted studies
on mathematics learning using Android-based games. Research on Android-based
learning games conducted by [36] succeeded in improving students’ critical thinking
skills. Android-based games have also been used successfully with good results in pro-
gramming learning [37], [38], chemistry learning [39], and material learning [40].

2.3 Congruence and similarity

Two geometric figures that have the same size and shape are called congruent [41].
If the shape is a triangle, then two triangles are congruent if they have the same three
sides and the same three angles. The equal sides and angles may not be in the same
position (if there is a turn or a flip), but they are still equal. Two geometric figures with
the same shape, but not necessarily the same size, are called similar [41]. Two similar
shapes with corresponding angles and corresponding sides have the same length ratio.
These concepts are used as a basis for making games to help students master these
concepts.

The difficulty students have with congruence and similarity determines whether two
shapes are congruent or not and whether the two shapes are similar. Through designed
learning games, students are faced with congruent and similar forms. Students are chal-
lenged to pair similar forms and congruent forms. With this activity, students will un-
derstand the concept of congruence and similarity. Students also enjoy learning mathe-
matics through playing these games.

3 Research Method

3.1  Research design

This study is development research. The development research method used is the
Plomp development method with three stages [42]. In the first stage, preliminary re-
search, a literature study is done to explore information and identify what is needed to
make mathematics learning games. The second stage is the prototyping stage, which
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entails designing and creating mathematics learning games ready for assessment. The
third stage is the assessment phase, which is when the learning games undergo tests,
evaluations, and revisions, valid, practical, and useful learning games are created.

3.2  Research subjects

The research subjects are mathematics education experts, instructional media ex-
perts, teachers, and junior high school students. Educational experts and mathematics
learning media experts are lecturers with doctoral education qualifications (doctorate),
while teachers and students are from the Wagir Public Junior High School in Indonesia.
Fifty-six seventh-grade students participated in the trial. Six of those students consisting
of two students with high abilities, two students with moderate abilities, and two stu-
dents with low abilities, were involved in a small group trial. Meanwhile, the other 50
seventh-grade students participated in field trials.

3.3  Data collection instrument

The data in this study were collected using validation sheets and student question-
naires. The validation instrument contents consist of four aspects: accuracy of content,
the suitability of images and animation, use of learning games, and clarity of language
and symbols. Meanwhile, questionnaires were given to the junior high school students
after participating in small group trials or field trials. The questions consist of the as-
pects of practicality and effectiveness. In terms of practicality, the indicators are as fol-
lows: ease of operating the game; clear instructions and information on the game; ease
of interaction and learning through the game; suitability of writing; and the attractive-
ness of images and animations. Meanwhile, the effectiveness indicators are as follows:
a problem presentation can help students understand mathematical concepts; games can
make learning math fun; games can make students understand mathematics more.

3.4  Data analysis

Quantitative data obtained through validation sheets and student questionnaires were
analyzed using descriptive statistics, while qualitative data in the form of comments,
suggestions, and student work results were used for discussion and revision of game
products. The data analysis technique used is explained in the following section.

Validity Test - The validity score of the learning game obtained from each validator
was averaged, then the average score data from each validator was used to calculate the
overall average. The average validity score obtained was compared to the intervals
shown in Table 1 to determine the product's validity level. The validity level interval in
Table 1 is based on the questionnaire given to the validators. The questionnaire offered
four choices for each indicator: 1) Very Not Suitable, 2) Not Suitable, 3) Suitable, and
4) Very Suitable. From the four choices, a validity level table was compiled, as shown
in Table 1.
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Table 1. Validity level

Average Score of Validity (Vr) Validity Level
1<Vr<2 Invalid
2<Vr<3 Less Valid
3<Vr<4 Valid

Vr=4 Very Valid

Practicality and Effectiveness Test - Implementing small group trials and field tri-
als produced practicality and effectiveness scores. The results for practicality and ef-
fectiveness were obtained from the questionnaire given to the students. The question-
naire offered four answer choices for each indicator: 1) Very Not Suitable, 2) Not Suit-
able, 3) Suitable, 4) Very Suitable.

The learning game's practicality was obtained from each student who participated in
the trial, and the average was calculated. The average practicality score results were
compared with the practicality level intervals shown in Table 2 to determine the game
products' practicality level.

Table 2. Practicality level

Average Score of Practicality (Pr) Practicality Level
1<Pr<2 Impractical
2<Pr<3 Less Practical
3<Pr<4 Practical

Pr=4 Very Practical

The learning game's effectiveness ranked by each student who participated in the
trial was also calculated as an average. The average effectiveness score results were
compared with the intervals of the effectiveness levels shown in Table 3 to determine
the game products' level of effectiveness.

Table 3. Effectiveness level

Average Score of Effectiveness (Ef) Effectiveness Level
1 <Ef<2 Ineffective
2 <Ef<3 Less effective
3<Ef<4 Effective
Ef=4 Very effective

The game application developed in this study is named KOKA, which stands for
Indonesian Kongruen (means congruence) and Kesebangunan (means similarity). The
early development learning game is KOKA version 1; the validation, trial, and revision
processes are carried out to obtain KOKA version 4 (final version). The procedures of
the validation, trial, and revision processes can be seen in the diagram in Figure 1.
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Fig. 1. Procedures at the validation, trial, and revision process

4 Results

This study used the Plomp model consisting of three stages: preliminary research,
prototyping stage, and assessment phase. Each stage is described as follows.

4.1  Preliminary research

The initial investigation stage identified and assessed what was needed to develop
the product. Identification and study were made on matters related to product develop-
ment, namely A) Core Competencies and Basic Competencies in Junior High School
Mathematics, which was was obtained from the 2013 Indonesian national curriculum;
(B) Android-based games that are already circulating in the market, for example, games
available in the Play Store, especially math learning games. This study found that math-
ematics learning games that were researched and those in the Play Store were generally
games about numbers and number operations. Meanwhile, games about two-
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dimensional figures, congruence, and similarity, were lacking, so it needed to be devel-
oped; (C) characteristics of technology-assisted mathematics learning; (D) characteris-
tics of junior high school students: In addition to studying theories, the researcher also
spoke with junior high school mathematics teachers about the learning games to be
developed.

4.2 Prototyping stage

At the prototype stage, the steps are to design and make a game. In-game design
activities, creators create a storyboard and determine the flow of the game. After mak-
ing a game design, the next stage is making the game. The researcher makes a color
background for the game, determines and includes the sound background, writes game
stories, and creates games using Adobe Flash CS 6 and Adobe Illustrator CS 6 software.
The following describes the results of the game-making steps that have been completed.
The pictures are examples of screenshots of the Android-based learning games that
were made.

The game's initial display is in the form of the Main menu; after entering the Main
menu, the player enters at level 1. An example of the level 1 game display is shown in
Figure 2. At this level, students are shown two groups of pictures divided into left and
right parts. The challenge is to find pictures of the same shape and size (congruent)
between the pictures on the left and the pictures. The procedure shifts the image (drag)
from the left image to the appropriate right image. If the picture's choice is correct, it
will receive a score, but if it is not correct, it will get a reduced score. The scoring rules
apply to all levels.

Fig. 2. An example of the game display level 1

After level 1 is completed, the player continues to level 2. At level 2, students are
shown two groups of flat buildings of various shapes. An example of the level 2 game
display is shown in Figure 3. Students determine which flat buildings are congruent by
shifting (dragging) from left to right. After level 2 is completed, the player continues to
level 3.

58 http://www.i-jim.org



Paper—Development of Android-Based Mathematics Learning Game on the Topic of Congruence...

& [55\.2 [3%]

Fig. 3. An example of the game display level 2

An example of the level 3 game display is shown in Figure 4. At level 3, the images
displayed start to become more formal, using signs indicating that the two shapes are
congruent. If students successfully finish level 3, they will go to level 4, which is the
final level. At level 4, students are shown pictures with standard sizes. There are differ-
ent display problems in level 4. An example of the level 4 game display is shown in
Figure 5. The image presented is in the form of flat shapes with sizes according to the
existing grid. If all levels are passed or if time is up, the student receives the final score.
The maximum score of this game is 1000.

& (B \.3 [3%]

-y
T W I

Fig. 4. Anexample of the game display level 3

iJIM — Vol. 15, No. 09, 2021 59



| ] #ﬂ

Fig. 5. An example of the game display level 4

4.3  Assessment phase

A validation test, trial, and revision process were carried out on the game in the as-
sessment phase. Validation was done by mathematics education experts, computer-as-
sisted instructional media experts, and junior high school teachers, while the small
group trials and field trials were conducted on junior high school students. The results
of the validation, comments, and suggestions from the validators, teachers, and students
were used as a reference for making revisions.

Validation was done by providing the learning game program and validation sheets
to the experts. The media validity test was examined from the aspects of learning media,
images and animation, use of learning media, and language and symbols. The validation
questionnaire used a scale of 1-4. The quantitative data from the validation test results
are presented in Table 4.
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Table 4. Result of the KOKA Game Validity by experts

Assessment Description Ave_rage Vali-
Aspects dation Score
Learning game media can help students learn mathematics 3.67
Learning game media can help students build understanding inde- 3.33
pendently
Learning Media |Learning game media enable students to like mathematics 3.33

Content The activities provided enable a positive interaction between students and 3.67
learning media
Activities contained in the learning media are following the learning ob- 3.33
jectives.
Learning media is accompanied by images and animations that are fol- 3.67
lowing the material or concept of similarity and congruence
Images and Ani- |The images and animations used can clarify the learning material 3.67
mations The images and animations are attractive 3.50
The images and animations presented are appropriate to Junior High 3.33
School students
It can be used to assist students in achieving learning goals 3.33
Learning Media |Students can usg it to learn independently 3.00
Usefulness It can be used as a support for learning mathematics in schools 3.33
Can encourage students to be more active in the learning process 3.33
The language used is communicative 3.33
Language and  [The terms and symbols used are appropriate and can be understood by 3.00
Symbols students
The display color, font type, the font size used are attractive to students 3.00
Average 3,36

Table 4 shows that the overall average value of the media validation was 3.36. Based
on Table 1, the learning media presented was categorized as valid so that the learning
media could be used on students. However, a little revision according to the com-
ments/suggestions given by the validators was still needed. In addition to the quantita-
tive data, media validation also produced qualitative data in comments and suggestions,
and recommendations from the validators about the media being developed. The qual-
itative data are as follows:

Comments & Suggestions:

be corrected.

the image of the ship is reversed.

Need to continue to the next level (additional level).
Need to add material before students get into the game. For example, show the def-

inition of similarity.

There needs to be a little improvement in some steps in implementing the media.
The image in the game cannot be rotated when paired with a similar image. It should

The orientation of the image should be varied. For example, in the image at level 1,

The KOKA ver.1 learning game was then revised based on comments and sugges-
tions from the validators. After the revision was complete, the KOKA ver.2 game was
ready for small group trials on seventh-grade junior high school students.
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The Trial Process was conducted after the learning game was revised during the
validation process and declared valid. The trial was done in two stages, small group
trials and field trials. Small group trials were conducted on six seventh-grade students
with varying math abilities. In this small group trial, the KOKA ver.2 game was tested,
and its practicality and effectiveness were obtained. The results of the small group trials’
practicality and effectiveness can be seen in Table 5, column 2. Table 5 shows that the
average score of practicality in the small group trial was 3.50, while the average score
of effectiveness was 3.36. Table 2 and Table 3 indicate that the KOKA ver.2 game is
included in the practical category and is effective in small group trials. However, the
KOKA ver.2 game underwent a small revision based on students' input, and this process
resulted in the KOKA ver.3 game used for field trials.

Field trials were conducted on 50 seventh-grade students. The trial process was done
useful KOKA ver.3 game to obtain practicality and effectiveness data. The results on
the field trials' practicality and effectiveness are presented in Table 5, column 3.

Table 5. Data of students’ response questionnaire result

Average Score of|Average Score

Description Small Group | of Field Trial
Trial
Practicality Aspects

Mathematics learning game is easy for me to operate 3.47 3.50

The instructions and information presented are easy for me to under-
3.37 3.38

stand

Learning games allow me to interact and learn math 3.78 3.78

The writing, images and animations used in the learning media are fol-

lowing the learning material provided 347 3.46
The use of images and animation in learning media is attractive 3.44 3.44
Average practicality score 3.50 3.51
Effectiveness Aspects
The problem presented in the mathematics learning game helps me un-
- 3.47 3.46

derstand mathematics concepts
I love to learn mathematics through this learning game because it is at-

. 3.39 3.44
tractive
This learning game makes me love mathematics 3.29 3.24
This learning game makes me want to understand mathematics further 3.28 3.38
Average effectiveness score 3.36 3.38

Table 5 shows that the average score of practicality in the field trial was 3.51, while
the average score of effectiveness was 3.38. Table 2 and Table 3 indicate that the
KOKA ver.3 game is included in the practical category and is useful in field trials. After
completing the trial, students provided comments and suggestions. In general, students
provided good comments on the learning games. Some comments and suggestions from
students are as follows:
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Comments & Suggestions:

o Lives are added, for example, ten hearts, and the in-game time provided needs to be
longer.

The game is beautiful. | have become more careful in mathematics.

I will learn more.

The game needs additional time.

All is well.

Always concentrate and think faster.

All is well, but there are a few bugs in the game.

The KOKA ver.3 learning game was then revised based on comments and sugges-
tions from the students. After the revision was complete, the KOKA ver.4 (final ver-
sion) learning game was ready for junior high school students.

5 Discussion

The Android-based mathematics learning game called KOKA is the product of the
development in this research. The learning media developed is in the form of 1 Appli-
cation Package File (.apk), namely Koka.apk. The expert validation test (see Table 4)
states that the games that have been developed are valid. This result means that learning
game content, animation, usefulness, language, and symbols follow the theory of mak-
ing learning games. This study's results align with research [43], which states that a
good game combines cognitive, motivation, and affective factors. To start the game,
the user must open the Koka Application installed on the Android smartphone. Several
pages will be displayed, including the main menu page, instruction page, and the learn-
ing game page. Generally, there are two groups on the learning game page, the congru-
ence game and the similarity game. Each group consists of four levels, starting from
the easy one to the difficult one.

The practicality test results (see Table 5) show that the games made are in the prac-
tical category. These results indicate that the games made are easy to operate, the in-
structions are easy to understand, interactive, attractive, and following the learning
topic. The learning games made in this study aim to make students understand the con-
cepts of congruence and similarity. The elements of the game are considered, namely
the score, the winners, and the losers. With these elements, students become more en-
thusiastic because the individual factors are also considered [44]. Instructions and ex-
planations are also made complete so that students can make connections between game
terminology and mathematical terminology [45].

Furthermore, [46] stated the need for constructivist principles in learning games. In
this KOKA game, a constructivist element is present in each level of the game. At the
initial level, students are given easy and informal games. This is important for learning
because students are faced with activities to see real pictures [47]. At the following
levels, the difficulty increases and becomes more formal. This gradually constructs the
concept of congruence and similarity while playing the games. Besides, [46] also
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suggests that students have an element of fun. With this element, students will feel cu-
riosity and can get satisfaction and pride.

Playing games can also foster motivation, including motivation to get high scores.
To obtain a high score, students must gradually understand the material so that the con-
cept construction process can be carried out following the learning objectives. Students
try to get a high game score in the KOKA game while learning the concepts of congru-
ence and similarity. According to [48], game-based learning is beneficial in the learning
process because games are emotionally attractive. Physically active lessons can be ben-
eficial for learning mathematics [49]. These results are following the research that states
that 1T-based learning media can have a positive impact on children [9], [50] and can
help them learn essential math skills [14].

The effectiveness test results (see Table 5) show that the KOKA game is included in
the effective category. These results indicate that this learning game can help students
learn mathematics. This learning game can also make students love math. These results
follow research [2], which states that game-based learning can increase learning out-
comes, interests, and positive emotional experiences. In learning games, fun elements
and educational concepts can be combined to increase student motivation and engage-
ment [51]. In the KOKA game, the fun element is in the colorful wake-up images and
the score at the end of the game. The faster and more precise it is, the higher the score
so that the misery can be obtained. In addition to having fun, [52] also stated that learn-
ing games had been proven to be a tool that effectively improves teaching and learning,
and teachers can build a pleasant environment through games. Through the KOKA
game, students can experience victory; therefore, change, challenge, and enjoyment can
characterize the entire learning process. This activity is the main reason for the attrac-
tiveness of learning games to students. This finding is in line with [53], which states
that using digital math games can improve behavior in the learning process to be inter-
ested in learning.

6 Limitations and Future Studies

After the implementation of this development research, there are several limitations
to the learning games that have been made, namely:

o KOKA learning games can only be operated on Android-based smartphones

o KOKA learning games are only for learning mathematics on congruence and simi-
larity topics

o The effectiveness of learning games is only seen from the results of the question-
naire.

From these limitations, further research must study the use of learning games on
other mathematics or geometry topics. Research also needs to be done on the congru-
ence and similarity topics and adding content and other more varied contexts. The ef-
fectiveness of learning games also needs to be seen through other instruments. The ef-
fect of android-based mathematics learning games on other abilities, such as critical
and creative thinking, also needs further investigation.
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7 Conclusion

An Android-based learning game media on the topic of congruence and similarity
named KOKA has been successfully developed. The game media developed has been
validated and obtained media validation results with a score of 3.36, which indicates
that the media is valid. The practicality test results in the KOKA learning game were
obtained from the student questionnaires' results, which received a score of 3.50 in the
small group trial and 3.51 in the field trial. In the KOKA learning game's effectiveness
test, the score was 3.36 in the small group trial and 3.38 in the field trial. This shows
that the media developed is both practical and useful. From the explanation of the va-
lidity, practicality, and effectiveness tests, the learning games developed can be used to
learn the topic of congruence and similarity.

An important finding in this study is that students become excited about learning
mathematics using Android-based learning games. Students who initially perceive
mathematics as a scary subject, their perceptions change after learning using this game.
This finding shows that other researchers can further develop the learning approach
through games. This learning game can be used as a reference to be developed in other
topics. For teachers and students, especially at the junior high school level, the learning
games can be used as an alternative medium to learn about congruence and similarity
so that learning becomes fun.
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