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Abstract—Recently, game-based multimedia development has been increas-
ing rapidly. Game-based multimedia is not only used for entertaining but also
for teaching and learning process. Meanwhile, for the majority of elementary
school students, numeracy learning is still considered as a difficult subject to be
learned and has not attracted students’ interest because it still uses vertical
methods. The objective of this research is to examine the implementation of
game-based multimedia in learning horizontal numeracy. In this game-based
multimedia, horizontal numeracy material is presented in the form of a game.
Horizontal numeracy material begins with addition, subtraction, multiplication,
and division. Game-based multimedia is implemented to 20 students in grade 3
elementary schools in Bandung, Indonesia. Subsequently, the way students
learn the materials and their learning outcomes are explored after using this
multimedia. The results show that the students can learn horizontal numeracy
excitingly; moreover, they can easily understand the concept of horizontal
numeracy quickly. It is indicated by the increasing of average post-test value.

Keywords—Horizontal numeracy, game-based multimedia, addition, subtrac-
tion, multiplication, and division

1 Introduction

In recent years, the use of multimedia has been widely used in the following fields:
entertainment or games, promotion of business interests or advertisements, websites,
and learning process. As an illustration, multimedia for learning English vocabulary
[1], multimedia for measuring learning effectiveness [2], and multimedia for special
education learning [3].

There are numerous advantages of using multimedia, including the availability of
interactive properties and the ability to be read anywhere, anytime according to our
needs. In addition, multimedia provides various features such as texts, graphics, imag-
es, sounds, videos, and animations [4], so that multimedia is very appropriate to be
used as a medium or aid in learning processes because of the availability of all com-
ponents that support learning processes [5]. However, the problem at the present time
is that the use of media in learning processes is still very limited because of the
inadequate ability of teachers to develop and use multimedia.
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Game-based multimedia is multimedia which its flow of presentation is designed
corresponds to a game or the flow of multimedia running tailored to the game flow
[6]. The types of the games used are varied, for example, arranging letters, numbers,
or unique shapes to be certain forms just like a typical puzzle game; entertainment;
and adventure games [7]. Everything is constructed as a way of attracting users to use
multimedia. Moreover, by using game-based multimedia, students are expected to be
interested to use multimedia while they learn a particular material displayed in the
multimedia. This is in line with the opinion which states that one of the most im-
portant considerations to design teaching materials for young children is to stimulate
their interests and to allow them to acquire knowledge in the process of playing games
[1].

To date, learning to count in elementary schools in Indonesia is generally taught in
a vertical mode to operate ones (units), tens, hundreds, and even thousands. Normally,
students have not experienced difficulties in operating ones (units) in the vertical
mode. However, when they operate tens, hundreds, and thousands with addition, sub-
traction, multiplication, and division in a vertical mode, many students commonly
experience difficulties. One of the difficulties is to memorize a number that is more
than ten which previously has been added up. The level of difficulty increases when
the operating numbers are tens, hundreds, or thousands. By examining students’
difficulties in learning the concept of mathematical operations in a vertical mode, it is
revealed that students' numeracy skills are still low. When in fact, numeracy is so
important to be mastered early by elementary school students because it is the basic
concept of mathematics and is strongly emphasized in elementary school [9]. Based
on these problems, innovative efforts are required in dealing with students’ difficulties
in learning to count. One thing that is tried to be implemented is counting by using a
horizontal method. In addition, conventional learning of numeracy and the limited use
of innovative media in learning to count in elementary schools in Indonesia are other
factors that contribute to the students’ low numeracy skills. Therefore, in this study,
game-based multimedia will be implemented to students in learning to count. It is
expected that students can quickly understand the concept of counting in addition,
multiplication, subtraction, and division by applying them to a horizontal mode.

2 Literature Review

Educational media including game-based multimedia are tools which support
learning processes. In addition to the methods and learning processes used by teach-
ers, multimedia can also be used as a communication tool between students and
teachers as well as between students and other students to create good learning
processes [6]. Multimedia is also one of the important components in the learning
processes likewise teachers and methods factors [7].

Game-based multimedia gives many advantages. Students can be entertained by
playing games in the multimedia while at the same time learning the materials. Vari-
ous game-based multimedia have been developed along with the development of
information technology. Hence, multimedia has been widely used in schools and
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various levels of institutions for different purposes [10]. The use of multimedia with
its advantages is indeed believed to be able to increase students' interest in learning
[11].

Based on early observations and some of the existing data, a fact is obtained that
the numeracy ability of elementary school students in Indonesia is still low, especially
in the multiplication operation [2]. One thing that causes students to have low numer-
acy skills is the use of the vertical mode in counting. Therefore, in this study, the
horizontal numeracy mode is applied within the game-based multimedia.

Horizontal numeracy is a new method and the completion of vertical arithmetic.
According to [3], there are three reasons underlying the statement, i.e based on the
process of addition, subtraction, multiplication, and division. First, the association
concept of ones, tens, hundreds, thousands, and so on in the traditional method to
complete the process of calculating addition or subtraction, but the emphasis is less
because of the separation between the value of ones, tens, hundreds, and so on are not
explicitly marked by a notation of the separator. While in the horizontal concept, the
association’s concept on the value is expressly separated with a notation of the fence.
With the notations of the fence, the value of ones, tens, hundreds (]) (| |) and so on will
be more easily understood and imagined. First, an overview of metrics will be ex-
plained again. Metric is a method of calculating conducted horizontally by using the
notation of the fence. Metric fence notation |, ||, ... is the ' box ' containing the appro-
priate 1,2, ..., numbers; if there is an excess it will be moved to ‘the box’ on the left
and summed up; however if it is less, a zero will be added to 'the box' without chang-
ing the value.

Second, the process to calculate the multiplication through the horizontal numeracy
turns out to be creating special patterns called as portals or horizontal patterns.
Through the portal, the multiplication process becomes faster than the traditional one.
For example, the square of the number 85 when conducted by using the horizontal
method are as follows; 8 x (8 + 1) || 25 = 72 || 25, the result is seven thousand two
hundred and twenty-five. Single digit multiplication with any number by using a
common metric is very easy to be solved because there is no need for the brain to
store the numbers. The necessary condition is only to master the multiplication 1 to 9.
For example: 3 x 46 = 3x (4]|6)=3x4|3x6=12|18= 13|8 =138

Two, three-digit multiplication via metric is the multiplication of two or three
numbers, tens, hundreds of which are resolved by using the help of a gradual multipli-
cation of one digit metric, until the final result is obtained, then drafted right align and
resolved by using "Metris Menyerong (+M)".

Third, the horizontal arithmetic is good intermediary teaching; from learning basic
numeracy into algebra. Algebra is a branch of mathematics by having signs and letters
to illustrate or represent the numbers. By using the horizontal arithmetic, in particular,
the completion of the multiplication using the portal, the students are led to know the
value of a variable. This knowledge is a basic foundation of understanding an equa-
tion or function in algebra.
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3 Methodology

In this study, game-based multimedia is tested on 20 elementary school students in
Bandung, Indonesia. Each student is required to use the multimedia from the begin-
ning to the end of the learning process in the classroom. The teacher observes what
students do to the multimedia. In the first part of the multimedia, students are required
to do a pretest then follow the game step by step in the multimedia while studying
horizontal numeracy materials. At the end of each material, an exercise is given to the
students by answering some questions in the multimedia. Before the students end their
exploration of the multimedia, a final test is provided which also must be answered by
students.

The researcher recaps each student’s score, both the pretest and the final test.
Additionally, the researcher also observes what students have done in learning hori-
zontal numeracy materials in game-based multimedia. The results of the initial and
final tests are statistically processed to determine the increase in students’ learning
outcomes. The increase is calculated by using N-Gain.

osttes-prestest
N-Gain= P P

actual score-pretest

The criteria for determining the amount of the increase are as follows:

Table 1. N-Gain Criteria

N-Gain Criteria
0,00<=N-Gain<0,40 Low
0,40<=N-Gain <0,60 Middle
0,60<=N-Gain<0,80 High
0,80<=N-Gain<1,00 \Very High

4 Result and Discussion

Game-based multimedia that has been developed begins with the pretest. In this
section, students are required to answer all numeracy questions in the form of multiple
choices from the first to the last question. After the students answer all the questions
(Figure la), the scores obtained by the students are displayed in the last part of the
multimedia (Figure 1b). The pretest is intended to determine students' initial
numeracy skills before learning the horizontal numeracy materials from the multime-
dia.
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Fig. 1. 1a. Pretest questions 1b. The final score of the pretest

After that, students are directed to play the game which is started by logging in us-
ing a registered account. Then, the multimedia presents the rules and the instructions
from the beginning to the end of the game. The game in multimedia involves a
diamond collecting adventure to obtain a collection point. At the end of each level,
there is a book which is required to be collected by the user. The book then opens and
displays some numeracy materials. As shown in Figure 2a and Figure 2b.

F Latihan

Fig. 2. 2a. Level 1 of the game 2b. First material: Introduction to number

Figure 2a shows that students have completed the last section of the game.
Afterward, students are required to click on the picture of the book. If the book is
clicked, the first material about number position which includes the position of ones,
tens, hundreds, and thousands. Figure 2b displays that students study the materials. In
this material, students are shown the position of the numbers, for example, for number
1475, number 1, indicates thousands, number 4, indicates hundreds, number 7, indi-
cates tens and number 5, indicates ones (units). So: 1475 = 1 thousand + 4 hundreds +
7 tens + 5 ones.

By showing the position of the number, it is expected that the third-grade students,
who have just learned about thousands, understand each number position according to
its value. Then, at the end of the material delivery, an exercise is given. The exercise
is shown in Figure 3a and Figure 3b.
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Fig. 3. 3a. Question of the exercise 3b. Example of drag and drop result

In Figure 3a, students are asked to drag and drop the number 1627 and move it to
the available boxes. As in Figure 3b, students drag number 1 in the first box. If it is
correct, a checklist (\) will appear above the available box. By playing this game, it is
expected that students’ understandings about the position of the numbers will increase
and they are able to put the numbers 1, 6, 2, and 7 in the correct places respectively.
The questions provided in the multimedia are plenty and all of them have to be solved
by the students. If the students answer all the questions correctly, then the multimedia
will display the rank of the student in a game as it is shown in Figure 4.

By displaying the rank of students, students are expected to gain motivation to use
game-based multimedia, because of its fun principles.

Fig. 4. Students answer all questions correctly

By looking at these examples, it is hoped that students' understanding of the posi-
tion of numbers is improving. This concept is the initial concept of further materials
which are addition, subtraction, or multiplication, and division in the horizontal mode.
After passing the first level, students are directed to the next level. Similar to the be-
ginning of the game, students are asked to continue playing in level 2 which is a little
more difficult than level 1. At each level, students not only have to obtain points from
collecting diamonds but also have to face a monster that will disrupt them throughout
the game. Thus, students must try to avoid the monster to prevent the game from
stopping and restarting from the beginning. Another way to stop the monster that can
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be performed by the students is throwing some bullets by clicking the space button on
the keyboard. At the end of level 2, similar to level 1, students also have to choose a
picture of a book and the multimedia will display the next materials. This process
continues at every level. At this level, the multimedia will lead students to learn about
addition as shown in Figure 5.

Fig. 5. Addition in numbers

Figure 5 presents the material about addition in the multimedia using the horizontal
method. In this example, it is shown the way to add numbers 624 + 2151.

624=0]6|2/4

2151= 2| 1] 5] 1, so, the process of addition by using the horizontal method is as
follows:

624+2151=01]6|2|4+2| 1] 5] 1

=0+2]6+1 | 2+5]4+1

=2|7|7]5

=2775

The course of the game on the multimedia continues until the final material about
division is delivered. Students also continue to play the game by collecting points
from the collected diamonds. At the end of the multimedia, a posttest is given. The
questions of the posttest are not much different from the pretest questions. The differ-
ence is that when doing the pretest, the students have not acquired the materials about
adding, subtracting, multiplying, and distributing numbers in horizontal mode, where-
as when they are doing the posttest, the students have been given the materials in
stages through the game they are playing. To attain the score of the pretest and post-
test, the researcher recaps all the scores by checking them from each computer used
by the students. This step is conducted because the multimedia is not connected to a
system (online) and does not provide a database so students’ scores are not recorded
in the computer.

The results of the pre-test and post-test of 20 students are presented in Table 2 as
follows.
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Table 2. Pretest and posttest results

Students| S1 | S2 | S3 [S4|S5[S6|S7|S8|S9|S10{S11|S12|S13|S14|S15|S16[S17|S18|S19(S20
Pretest | 66 |46 |64 |80 |80 |46 |46 46|80 |66 |46 |66 |80]40 |80 |80 |46 |46 |46 |40
Post Test | 80 [ 80 | 80 | 80 |85 |73 |85 |73 85|73 80|73 |80[80[90 |80|73[85]73]80

Based on Table 2, it can be explained that the score of the pretest ranges from 40 as
the minimum score and 80 as the maximum score. Meanwhile, the minimum score of
the posttest is 73 and the maximum score is 90. Additionally, there is an increase in
the average pretest score which is 58 to the average posttest score which is 79.
Therefore, by looking at the escalation of the average scores, the use of game-based
multimedia can increase students’ abilities to count by using the horizontal mode.

Table 3. N-Gain results

Students [ S1|S2|S3|S4|S5|S6|S7|S8[S9 |S10[S11|S12|S13|S14|S15[S16{S17|S18|S19|S20| Sum
Pre test 141341401 0 | 5 (2739275 [ 734|710 [40]10| 0 |27|39[27 (40| 422
Post Test |34 5460 (20|20 [54]|54]|54]120[34|54|34120]60[20|20|54|54]54]60| 834

The data in Table 3, shows that the N-Gain score is 0.51. This score indicates that
there is middle increase in the ability of students to understand the numeracy concept
by using the horizontal method. This means that the numeracy ability of students after
learning numeracy in the horizontal method using game-based multimedia is average-
ly better than before. This result shows that learning numeracy using game-based
multimedia significantly contributes to the improvement of students' numeracy skills.
During the learning processes, students are enthusiastic to learn about numeracy, as
shown in Figures 6a and 6b because they are supplemented by an adventure game
(collecting points from the diamonds). Hence, the game provides positive motivation
for students to learn certain materials [14].

In Figures 6a and 6b, it can be seen that the students are immersed in numeracy
learning particularly the application of horizontal method using their respective lap-
tops. They carefully and enthusiastically open page after page of the multimedia to
collect points through gathering the diamonds in the game. In addition, because inter-
active exercise is provided in this multimedia, the students also try to answer all the
practice questions carefully. They drag and drop the answers of the questions, either
by putting the number in the correct position or matching the number with its pair.
These practice questions are also designed like common games that the students usu-
ally play so while they are playing the game, they are also learning the concept of
numeracy in a horizontal method. Hence, multimedia can be considered to be a rela-
tively effective method which can increase the quality of learning processes in the
classroom [15].
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Fig. 6. 6a. and 6b. Students learn about numeracy by using game-based multimedia

Student learning activities are influenced by various factors, such as: strategies,
learning models, media, teaching materials used by teachers, learning environments,
and facilities in schools. Student learning activities are the basic elements that deter-
mine the success of the learning process. Good learning activities, making students
able to understand the subject matter well too [16]. Student learning activities are an
important element so that students' material understanding increases and causes good
student learning outcomes. Student learning activities can be known from the results
of observations in class. In this study student learning activities are observed when the
learning process calculates horizontal ways using multimedia games. The results of
observations on student activities in this study are presented in Table 4.

Table 4. Student learning activities in horizontal numeracy by using games multimedia

No Student Learning Activities (%)
1 |Students pay attention to apperception, explanation of media usage, and learning motivation 85%
2 |Students are eager to start multimedia 85%
3 [Students diligently work on the pre test 87%
4 |Students are busy starting games in multimedia 88%
5 [Students learn material in multimedia step by step 85%
6 [Students carefully work on practice questions 88%
7 |Students ask the teacher when there are difficulties in learning material in multimedia 40%
8 [Students look happy when completing the game stage 85%
9 [Students work on each assignment 88%
10 [Students work on post-test at the end of multimedia 85%

|Average 81,8%

Table 4, shows that students' learning activities in paying attention to apperception
and explanations of multimedia usage from teachers and their learning motivation are
85%, high. This means that students are motivated to learn and are prepared to learn
to count horizontally using multimedia games. Apperception and motivation are im-
portant parts that can improve student learning activities. In apperception activities
include reminding students about the material that has been given and linking it to the
material to be taught. This apperception activity is intended to find out whether stu-
dents understand the previous material. In this study the previous material was the
introduction of numbers. This is done so that students can easily absorb the material to
be learned in class.
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The material provided in this multimedia is horizontal counting. Students are ob-
served paying attention to the apperception of the teacher seriously. So, the function
of apperception in learning is to associate what material students already know with
what material to learn. In addition, with the existence of apperception, it is expected
that the learning process becomes more active and can improve student learning activ-
ities. According to [17] Apperception as one of the activities in learning should not be
ignored because it contributes to the realization of effective learning. Motivation is a
very important aspect in raising students' enthusiasm and learning activities. There-
fore, so that students' learning motivation increases, teachers must be able to show the
importance of experience and subject matter to students. Thus, students will under-
stand that learning is not just to obtain value, but must be a desire to fulfill their needs
in obtaining satisfactory results. This is in accordance with the opinion of [18] that
learning motivation can stimulate student learning enthusiasm, whereas a lack of
student learning motivation will weaken students' enthusiasm. This will also affect
student learning outcomes. From the Table 4, it is also seen that the learning activities
of students in starting learning with multimedia games on horizontal counting meth-
ods obtained a percentage of 85%. This value is also high, meaning that students in
general are passionate about starting learning to count horizontally with multimedia
games. This shows that enthusiastic students learn to count horizontally using multi-
media games. This score also shows that multimedia games cause students to be curi-
ous to immediately learn numbers and operations in a horizontal way, while playing
games.

From the results of the observation also obtained an illustration that students were
diligent in working on the pre-test on multimedia games with a percentage of 87%.
This score shows that carrying out the test / test that students usually do not like, be-
comes favored by students, because students work on the test through multimedia
games. Students' activity in starting the game in numeracy multimedia scores 88%.
This means that students are motivated to open multimedia and play games in multi-
media. Thus the use of multimedia in numeracy learning is one of the drivers for stu-
dents to learn passionately. From the results of observations in the class, it was also
seen that students learned material in multimedia step by step according to the stages
of the game they were doing. The percentage of students who study the material se-
quentially is 85% or high category. This value shows that they learn numerical mate-
rial they are passionate and obedient to the stages provided in multimedia. Likewise in
working on practice questions, they perform the stages of the game regularly, do the
tasks provided in multimedia, work on the post-test with the percentage of student
activities ranging from 85-88%. So all the stages they are doing are in a high position.
This means that they use multimedia spiritually and are motivated to learn to count
horizontally very well. So they followed all the steps of the game from beginning to
end. Based on all observations on the activities of students in learning to count hori-
zontally with multimedia games, it was obtained an illustration that student learning
activities increased compared to before.
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5 Conclusion

Based on the research results, it can be concluded that by learning to count in the
horizontal method using game-based multimedia, the ability of elementary school
students to understand numeracy is seen to be increasing. Adding, subtracting, multi-
plying, and dividing numbers for students is no longer difficult. In addition to being
able to understand the numeracy concept, the students are also happy and motivated
because they can learn the horizontal method materials while playing the game. They
also look livelier and actively involve themselves throughout the learning processes
when they are using game-based multimedia to learn the horizontal method. To sum
up, the game-based multimedia for horizontal numeracy learning is an alternative
learning media that can be used by teachers to help students learn more easily and
pleasantly.
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