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Abstract

Article Information The purpose of this research is to determine the improvement of students'
Submitted Sept 22, 2021 mathematical understanding ability on a system of linear equations using
Revised Oct 06, 2021 GeoGebra-based game education. This research use quasi-experimental that was
Accepted Oct 16, 2021 conducted on two classes of the school in Indonesia. Class X MIPA 4 as

experimental class and X MIPA 3 as control class. Based on the results the
Keywords average score of N-Gain value analysis, mathematical concept understanding
Educational Game; ability in the experimental class is 0.55, and the control class average score is
GeoGebra 0.30. Based on the calculation, the Asymp. Sig. (2 tailed) of 0.000 is obtained.
Mathematical Understanding Because the significance score is obtained less than 0.05, thus it is rejected and
Ability; is accepted. So, it can be concluded that the improvement of students'
Learning Motivation; mathematical understanding ability using GeoGebra-based game education is
System of Linear Equations; better than the improvement through ordinary learning. The learning motivation

of students using GeoGebra-based game education as a positive learning media,
but there is no relationship between learning motivation and students'
mathematical understanding using GeoGebra-Based Game Education.

INTRODUCTION

The importance of learning mathematics is mentioned by the National Council of Teachers of
Mathematics (NCTM) that "The ability in mathematics will open the door to a productive future.
All students must have the opportunity and support needed to learn mathematics ". Another
important factor in mathematics learning is the importance of developing students' mathematical
understanding abilities (NCTM, 2000; Suwarto & Purnami, 2018). One way to develop students'
mathematical understanding is that students must be active and practice a lot (Korenova, 2017;
Sulistyowati, Budiyono, & Slamet, 2017). Students in learning must do a lot of exercises, the
more and more often and work hard in doing the exercises, the better the results in learning
(Anggriani & Septian, 2019; Gita Andriani & Atmojo, 2013).

However, in reality, education in Indonesia has not shown satisfactory results based on the
results of the PISA (Program for International Student Assessment) survey for Indonesia in 2018
which was announced by The Organization for Economic Co-operation and Development (Yuli
Belfali, 2019). The assessment of the knowledge of students aged 14-15 years shows that
Indonesia is still ranked below in the field of mathematics. Indonesia participated in PISA in
early 2000 when it was ranked 39 out of 41 countries with a score of 367. In 2015 Indonesia was
ranked 626" with an average of 386. While in 2018 Indonesia ranked 73 with an average of 379.
When viewed from a comparison between 2015 and 2018, Indonesia experienced a decline.

The research results of Febrina in 2017, were taken from one of the results of the analysis
of PISA questions regarding students’ mathematical understanding abilities, namely the ability
of students to solve PISA level 6 questions. There are 2 students who can finish correctly with
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the correct answer presentation of 8.69%. Both of these students understand the problems in the
questions and concepts so that they can solve problems by modeling the problems contained in
the questions (Bidasari, 2017).

In the opinion of Alan and Afriansyah in 2017 the current field conditions in general
mathematics learning do not involve the activities of students, most students seem to follow well
every explanation or information from the teacher, students very rarely ask questions so the
teacher is absorbed in explaining what it has been conveyed (Alan & Afriansyah, 2017). NCTM
explains that students must learn mathematics with the ability to understand because the ability
to understand is the ability to build new knowledge from experience and prior knowledge
(NCTM, 2000).

The importance of improving students' mathematical understanding abilities, namely to
instill basic mathematical concepts in linear equation systems to be understood as a whole, so
that the concepts given are very important in improving other mathematical abilities such as
representation, connection, and mathematical problem-solving abilities. This is also in line with
the goal of education in Indonesia to improve all abilities in their respective fields. The ability to
understand mathematics is a fundamental ability that must be possessed by every student because
it is related to other material in mathematics itself.

In addition to mathematical understanding ability, another aspect that must be possessed
by students is of course motivation to learn. According to Hamalik (Hendriawan & Septian,
2019), motivation determines the level of success or failure of student learning activities.
Learning without motivation is difficult to achieve success optimally (EI-Adl & Alkharusi, 2020;
Hu, Wu, & Shieh, 2016; Khan, Johnston, & Ophoff, 2019). Therefore, motivation is one of the
important points in learning (Effendi, 2018).

From these problems, it is obtained a way that can be done to achieve both aspects, namely
the use of instructional media (Fatahillah, Puspitasari, & Hussen, 2020). The learning style into
three groups: visual learning groups that access learning through visual images, auditorial
learning groups that access learning through listener imagery, and kinesthetic learning groups
that access learning through movement, emotions, and physical (\Wassahua, 2016). Therefore, at
the educational stage, students will tend to be more interested in games that are easy to play and
in which there are bright colors and animated images that attract attention (Kidi et al., 2017; Kirci
& Kahraman, 2015). In this stage, students will find it easier to remember a formula or way of
working on a problem if it is found again in a form of writing that has attractive color features
and a pleasant communicative form.

The use of media in the learning process can increase students’ learning motivation so that
students’ attention to learning material can be increased (Hendriawan & Septian, 2019; Ari
Septian & Komala, 2019). One of the most popular learning media in the world of education
today is the game media (Alkhateeb & Al-Duwairi, 2019; U. N. Pratama & Haryanto, 2018;
Yildiz, 2018). Students who learn mathematics using games are better than students who learn
without using games (Aristizabal, Colorado, & Gutierrez, 2016; Handriyantini, 2009; L. D.
Pratama & Setyaningrum, 2018). With the condition that the game does not reduce the
effectiveness in learning mathematics. The media that will be used as a game in this research is
the GeoGebra application (Cukierman et al., 2014; Ari Septian & Komala, 2019). GeoGebra is a
computer program to teach students the concepts of geometry and algebra (Hohenwarter,
Hohenwarter, Kreis, & Lavicza, 2008; Wulandari & Raditya, 2017).
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The previous researches provide information that improving students' mathematical
understanding requires more effort by using GeoGebra media (Kounlaxay, Shim, Kang, Kwak,
& Kim, 2021; Yildiz, 2018). Several researches related to the use of GeoGebra based on Game
Education are still rarely carried out in research in schools. The previous researches still mostly
only use GeoGebra as a medium without making it an interesting educational game. The previous
researches still have not maximized GeoGebra as an Educational Game that improves students'
mathematical understanding. The difference between this research and previous researches is that
it has not focused on increasing mathematical understanding and using different materials. In
addition, this research examines things that have not existed in previous researches, namely
examining students' learning motivation and seeing the relationship between learning motivation
and students' mathematical understanding abilities.

Thus, it is expected that the existence of GeoGebra-Based Game Education can improve
students' mathematical understanding abilities and learning motivation. The objectives of this
research are to find out the improvement of students' mathematical understanding abilities by
using GeoGebra-Based Game Education is better than students who get ordinary learning; to
determine students' learning motivation by using GeoGebra-Based Game Education; to
determine the relationship between students’ mathematical understanding and students’ learning
motivation in the application of GeoGebra-Based Game Education.

METHODS
This research method uses quasi-experimental, because not all variables can be controlled. This
research involved two classes, namely the experimental class and the control class in which both
classes were given different treatments. Where for the experimental class using cooperative
learning models with game education while the control class using the usual learning model.
Before the implementation of the treatment of both classes will be given a test in the form of a
pretest to find out the situation before the given treatment. After that, the experimental class will
be given treatment. Finally, the two classes will be given a posttest. The research design is as
follows:

0, X 0,

0; 0,

Information:

O1: The experimental group before being given the treatment
02: Experimental group after being given the treatment

Os: Control group being given before the treatment

Oq: Control group that is not given the treatment

X : Treatment (use of GeoGebra Based-Games Education)

This research was conducted at MAN 1 Cianjur starting from February 14", 2020 to March
14™, 2020. Subjects in this research were: class X MIPA 4 as an experimental class and class X
MIPA 3 as a control class. The instrument in this research consisted of tests and non-tests. Data
collection instruments are a series of questions used to measure the skills, knowledge,
intelligence, abilities, or talents of an individual or group. The test in this research uses pretest
and posttest mathematical understanding ability of students, while for non-tests using a closed
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questionnaire with a measurement scale used is a Likert scale, namely: SA (Strongly Agree), A
(Agree), D (Disagree), and SD (Strongly Disagree) to measure students' learning motivation.

Before giving instruments to the research subjects, the instruments were first tested to
determine the validity and reliability of each item. Researchers conducted instrument testing in
class XI MIPA 4 at MAN 1 Cianjur with 30 respondents. The trial results that have been obtained
are then analyzed and processed using SPSS 20 so that all items tested are valid and reliable so
that the test instruments in this research are proper to use. Data analysis techniques used are
normality test, homogeneity test, Mann-Whitney test, two-variable correlation test. A brief
presentation of this research flowchart is presented in Figure 1.

Instrument Validation

. 2

Pretest

¥ ¥

Experimental Group Control Group

Treatment: Treatment:
Geogebra Based-Game Ordinary Learning
Education

«

Posttest

pu

The questionnaire
data response

pu

Data Analysis

4

Report

Figure 1. Research Flowchart

RESULTS AND DISCUSSION

Initial Mathematical Understanding Ability

The results obtained in the form of quantitative data, namely test scores in the form of pretest
and posttest regarding the ability of mathematical understanding, and non-test in the form of a
questionnaire scale results on students' learning motivation. The purpose is to give a pretest to
find out whether the initial ability of mathematical understanding of the two classes is the same
or not before being given the treatment. Following are the results of the descriptive statistical
analysis of the pretest data of the experimental class and the control class:
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Table 1. Descriptive Statistics of Pretest Data

Ideal Standard Minimum Maximum
Class N Average ..
Score Deviation Score Score
Experiment 30 20 9.07 2.24 6 15
Control 30 20 8.07 2.90 2 14

Based on table 1, it can be seen that the average pretest score of the experimental class is
9.07, while for the control class an average of 8.07 is obtained. From the description of the data,
it can be seen that the average score of the experimental class is greater than the average score of
the control class with an average difference of 1. However, to find out whether the initial ability
of mathematical understanding is the same or not, then the pretest value of the experimental class
and the control class must be tested with the following statistical tests:

Population Distribution Normality Test is conducted to determine whether the pretest
obtained from the two classes is normally distributed or not. The following is the results of data
processing with the test of normality from Shapiro-Wilk:

Table 2. Results of Normality Tests

Shapiro-Wilk
Class Sig. Conclusion
Experiment 0.049 Pretest data is not normally distributed.
Control 0.455 Pretest data is normally distributed.

Based on the results of the normality test of population distribution in table 2, the
significance value obtained for the experimental class was 0.049 and the control class was 0.455.
As for Ho: Pretest data is normally distributed. Because the significance value of the experimental
class is less than 0.05 then Ho is rejected and the control class is more than 0.05 then Ho is
accepted, so it can be concluded that the sample of the experimental class is not normally
distributed and the control class is normally distributed. Because it appears that one of the two
data do not originate from a normally distributed population, the data analysis was followed by
a nonparametric statistical test, the Mann-Whitney test using SPSS 20.

The Mann-Whitney test was performed to see whether the students' initial mathematical
understanding abilities were the same or not. The following is the results of Mann-Whitney data
processing:

Table 3. Mann-Whitney Pretest Data Results

Asymp. Sig. (2-tailed) Conclusion
0.155 H, is accepted

Based on the Mann-Whitney test results in table 3, it is obtained that significance values
for Asymp. Sig. (2-tailed) is 0.155. As for Ho: Pretest data of the experimental class and the
control class are the same. Because the significance value obtained is more than 0.05, Ho is
accepted. Thus, it can be concluded that the initial ability of mathematical understanding of
students in the experimental class and the control class is the same.

Improving Students' Mathematical Understanding Ability

Gain index data analysis was performed to determine the average increase in the ability of
mathematical understanding of experimental class and control class students after each class was
given a different treatment.
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Table 4. Descriptive Statistics of Gain Index Data

Ideal Standard Minimum Maximum
Class N Average S
Score Deviation Score Score
Experiment 30 20 0.55 0.25 -0.40 1.00
Control 30 20 0.30 0.24 -0.11 0.89

Based on table 4, it can be seen that the average gain index of the experimental class is
0.55, while for the control class an average of 0.30 is obtained. The description shows that the
average value of the experimental class gain index is greater than the average gain index of the
control class. But to get more objective results and find out whether the average gain index is
significant or not, the gain index data of the two classes must be tested with the following
statistical tests:

Normality test is used to determine the results of the gain index obtained from both classes
are normally distributed or not and determine the statistics that will be used next. Here are the
results of data processing with the normality test from Shapiro-Wilk:

Table 5. Test Results for Gain Index Data Normality

Class Shapiro-Wilk
Sig. Conclusion
Experiment 0.001  The gain index data is not normally distributed
Control 0.271  The gain index data is normally distributed

Based on the results of the normality test of population distribution in table 5, the
significance value obtained for the experimental class was 0.001 and the control class was 0.271.
As for Ho: Posttest data is normally distributed. Because the significance value of the
experimental class is less than 0.05 then Ho is rejected and the significance value of the control
class is more than 0.05 then Ho is accepted, so it can be concluded that the sample of the
experimental class is not normally distributed and the control class is normally distributed.
Because it appears that one of the two data does not originate from a normally distributed
population, the data analysis was continued with a nonparametric statistical test, namely the
Mann-Whitney test using SPSS 20. The following results of Mann-Whitney data processing:

Table 6. Mann-Whitney Results Gain Index Data
Asymp. Sig. (2-tailed) Conclusion
0.000 H, is Rejected

Based on the Mann-Whitney test results in table 6, the Asymp value was obtained. Sig. (2-
tailed) of 0.000. As for Ho: Gain Index data of the experimental class and the control class are
the same. Because the significance value obtained is less than 0.05 then Ho is rejected. So, it can
be concluded that the improvement of students’ mathematical understanding ability that uses
GeoGebra-Based Game Education learning is better than the improvement of students’
mathematical understanding ability with ordinary learning on the system of linear equations
material.

The results of this research as stated in the previous section provides an illustration that
learning game education can provide a better learning process to develop students' mathematical
understanding abilities compared to ordinary learning. The game is something that is fun to do
and something that is entertaining, the game allows the active participation of students to learn
and can provide direct feedback (Aristizabal et al., 2016; Mohd, Shahbodin, Sedek, & Samsudin,
2020; Rahayu, Putri, Zulkardi, & Hartono, 2019). Basically, games were created as a means of
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entertainment only, but it would be better if games were created as a learning tool so that children
can be more creative in thinking (Cukierman et al., 2014; L. D. Pratama & Setyaningrum, 2018).

The use of media really supports students in facilitating understanding in learning. The
teachers need to provide concrete (real) media or teaching aids with the daily environment of
students according to the material (Korenova, 2017). In addition, learning with the GeoGebra
application makes students more active, think creatively, and easily understand the concepts
being studied (Kounlaxay et al., 2021; Poon & Wong, 2017). GeoGebra software demonstrations,
presentations, and experiments in class were achieved better than classes using traditional
methods (Alkhateeb & Al-Duwairi, 2019; Cruz, Bento, & Lencastre, 2020; Hernandez, Perdomo-
Diaz, & Camacho-Machin, 2020).

So that GeoGebra-Based Game Education can be used as alternative learning to improve
mathematical understanding ability and be able to apply them in everyday life (Ridha,
Pramiarsih, & Widjajani, 2020). In the end, it is expected that students will become more aware
of the subject matter they are learning so that it has a positive impact on their mathematical
understanding ability. The advantages of game education are to simplify the learning process,
increase concentration, make the learning atmosphere relaxed and fun, and become a fun learning
tool (Bigdeli & Kaufman, 2017). The game has several advantages, namely: the game is
something fun to do, something entertaining and interesting. The game allows the active
participation of students to learn (Rahayu et al., 2019).

The obstacles in learning game education assisted by GeoGebra are timing, the time used
is generally used up for preparations such as seating preparation, media preparation for students
to answer, media preparation. In addition, another obstacle that is obtained is that there are
students who cannot see clearly and get a seat in the back. To overcome these obstacles, teachers
rearrange their seats, so that each student can learn comfortably and can see clearly the questions
given. To overcome time constraints, teachers must be able to streamline time so that the
available time is sufficient for the learning process. The learning method used in this research
has the advantage of how students become interested and motivated in learning. GeoGebra helps
students in visually assisting in drawing graphs, finding solutions, exploring linear equation
system materials so that they can improve students’ mathematical understanding. An increase in
students’ mathematical understanding ability because learning is very interesting and fun.
Students do communicate, understanding concepts, and cooperation. GeoGebra provides a visual
representation so as to clarify and facilitate student learning (Nanang Supriadi, 2015; Surgandini,
Sampoerno, & Noornia, 2019).

In the learning process, the teacher provides an important explanation of the material being
studied. After that, students followed up on the teacher's instructions in solving problems related
to a system of linear equations. Learning activities also affect the condition of students in
improving their mathematical understanding. Existing research on how to improve mathematical
understanding ability is still not optimal. In this learning, students are required to solve
mathematical problems that must be visually displayed to facilitate solving these problems.

GeoGebra based-game education provides an alternative in accelerating the improvement
of students' mathematical understanding abilities. According to the theory, it is also said that
game education has a positive impact on the development of students' thinking. Students become
happier, interested, and focused on what is learned in class.

This research still has shortcomings in terms of the implementation of learning. There are
several limitations in this research, including the limited facilities and the lack of time in
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exploring students' understanding abilities. This limitation becomes a recommendation for other
researchers in developing technology-based teaching materials.

Learning Motivation of Students

Table 7. Results of Student Learning Motivation Questionnaire
Statement %

i 0,
No Indicator Type Agree  Disagreee Average (%)
1  Diligently Facing Tasks + 100 0 98.35
- 3.3 96.7
2 Resilient Facing Difficulties (Not + 86.6 13.4 84.95
Quick Desperate) - 16.7 83.3
3 Not Get Bored Quickly on Routine + 100 0 93.3
Tasks - 13.4 86.6
4 Happier Working Independently + 90 10 93.35
- 3.3 96.7
5  Happy to Find and Solve Problems + 80 20 85
- 10 90
Average Percentage of Total Answers 90.99

Based on Table 7, the answer to the students' learning motivation questionnaire from each
indicator shows a positive attitude, so it can be concluded that the learning motivation of students
towards learning game education in mathematics learning is positive. This is indicated by the
average percentage of the total positive answers of students by 90.99% and can be interpreted to
be in the criteria of almost all students motivated in learning.

Student learning motivation becomes positive due to several things, namely learning
motivation is formed from internal factors and external factors of the person himself (Khan et al.,
2019). The internal factors that drive how learning is important, how learning is needed, and how
learning is self-determined (Hu et al., 2016). Theoretically, self-motivation factors depend on
high curiosity and desire to learn from oneself. In the case of the research conducted, most of the
students have high learning motivation (Barnard et al., 2018). This high learning motivation is a
positive impact on the learning carried out. Learning using GeoGebra based-game education
encourages students to understand the material well (da Silva, Junior, Ribeiro, & Mauro, 2020).

From the research that has been done, the researcher considers that motivation is an
important aspect of learning. Motivation is a process that determines the level of activity,
intensity, consistency, and general direction of human behavior (Sugito, Susilowati, Hartono, &
Supartono, 2017). In this research, intrinsic learning motivation is more desirable and produces
a better understanding than extrinsic learning motivation (Barnard et al., 2018). Students who are
intrinsically motivated to learn to participate in academic assignments because they enjoy
understanding it (Palomares-Ruiz, Cebrian, Lopez-Parra, & Garcia-Toledano, 2020).

They feel that learning is important and they engage in learning activities solely for the joy
of personal enjoyment of learning. Meanwhile, students who are extrinsically motivated to learn
are involved in academic tasks to gain rewards or avoid punishment. The impact of using
assessments on learning motivation and mathematical understanding is dichotomous, i.e.
profitable or not harmful (Machromah, Purnomo, & Sari, 2019). In addition, giving a grade that
has a very positive impact on students' learning motivation, on the other hand, giving a grade
weakens the learning motivation of other students. Because students who feel capable of being
motivated to learn are likely to be successful and get praise, but not so students who are less
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capable may prefer to avoid failure by evaluating the assessment process (Eccles & Wigfield,
2002).

In addition, the motivation from the teacher given every day has a good impact on students
in learning. The learning carried out makes students not bored, students become interested, so
that in the end the learning motivation is high or positive. Student learning motivation becomes
good because the learning that is carried out gives attraction, fun, and is active (Kirci &
Kahraman, 2015). Learning with GeoGebra-Based Game Education combines the way games
and technology applications help visually (A Septian, Darhim, & Prabawanto, 2020). GeoGebra
makes it easy for students to understand and work on problems (Saha, Ayub, & Tarmizi, 2010).

This result is also in line with previous research which says that learning using technology
will increase students' learning motivation. The results of previous researches also say that many
students become happy and active in learning if they apply technology-based learning (Ari
Septian, Sugiarni, & Monariska, 2020; Suryawan & Permana, 2020). Several researches also
support that using GeoGebra as an educational game can encourage students to learn to be more
interactive (A. Septian, Darhim, & Prabawanto, 2020). This argument provides reinforcement
that students will have high learning motivation if the learning is done by combining games and
technology with GeoGebra.

Correlation of Mathematical Understanding with Students' Learning
Motivation

The data used to analyze the relationship between mathematical understanding and learning
motivation using the results of the posttest and the results of the questionnaire from the
experimental class that has been obtained, which aims to find out whether there is a relationship
or not between mathematical understanding with student motivation to learn. Here are the results
of the Correlation Test analysis:

Table 8. Correlation Results Between Posttest Data and Questionnaire Learning Motivation

X Y
X Pearson Correlation 1 0.242
Sig. (2-tailed) 0.198
N 30 30

In this research, the dependent variable is the Y variable, namely the ability of mathematical
understanding and the independent variable is the X variable, which is learning motivation. Based
on the results of the correlation test in Table 8, obtained significance values for Sig. (2-tailed)
the second relationship is 0.198. Because the significance value obtained is more than 0.05 then
Ho is rejected. Thus, it can be concluded that there is no significant relationship between
mathematical understanding with students' learning motivation. Mathematical understanding
ability and motivation to learn in this research do not have a significant relationship. This is
caused by the students' prerequisite skills that were previously obtained (Monariska, 2017; Ari
Septian, 2013). Although the motivation to learn is high, the ability of personal intelligence of
each student has been formed (Bush & Karp, 2013; Earhart, 1982).

Several factors of students have been motivated to learn in learning but do not improve
their mathematical understanding, namely: forgetting and boredom. Several factors cause
forgetting, as follows: a conflict disorder between the material that is in a person's memory
system, the pressure on existing material, either intentionally or unintentionally, it could be
because the information received is unpleasant so that it is intentionally forgotten or new
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information that has been received. Enter suppressing existing information because it has never
been used, changes in the environmental situation between study time and recall time, the subject
matter has never been studied or memorized. Several things cause learning saturation, a certain
time span that is used to study but does not bring results usually because the brain cannot work,
as usual, this is due to fatigue. A person's fatigue can be categorized into three types, namely,
sensory fatigue, physical fatigue, and mental fatigue. So that it can cause students to not be able
to concentrate on learning (Palomares-Ruiz et al., 2020).

This can be exemplified by students who are already motivated in learning mathematics so
that they follow any given material, but when given the same problem with numbers or different
problem situations it can make some students unable to do it or the results obtained are not as
expected. This shows that there is no relationship between mathematical understanding and
students' learning motivation.

CONCLUSIONS
Based on the results of data analysis and discussion of the results of the research described in the
previous chapter, it is concluded that the improvement of the mathematical understanding ability
of students who use GeoGebra-Based Game Education is better than students who get ordinary
learning. Learning motivation of students towards GeoGebra-assisted mathematics education
games as a positive learning media but there is no relationship of learning motivation with
students' mathematical understanding in the application of GeoGebra-Based Game Education.
Based on the conclusions and results of the research, the researchers put forward some
suggestions as follows: by applying game education to mathematics learning can be alternative
learning that is applied to improve students' understanding abilities and learning motivation.
GeoGebra-Based Game Education should be a choice of learning media that can be used by
teachers in schools and the need for further researches by applying game education to various
other more interesting media so that students are more motivated to learn mathematics with the
help of learning media.
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