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Abstract. The purpose of this study was to determine the understanding of mathematics concepts
of pre-service elementary education teachers at Universitas Sultan Ageng Tirtayasa (Sultan
Ageng Tirtayasa University) through augmented reality learning media. The method used in this
study was a quasi-experiment with the design of one group pre-test and post-test. The instrument
used in this study was a test of understanding of mathematics concepts on geometry topic in the
form of 10 description tests and tested on 20 pre-service teachers (higher education students).
The average result of N-gain in pre-service elementary education teachers was 0.48 in the
medium category. Based on the results obtained, the use of augmented reality can be used as a
learning medium for mathematical concepts. In the learning process, students can easily
understand the material taught. The suggestion in this research is that further development of
augmented reality media is needed at all levels of education and it needs to be tested in a larger
scale in order to know its effectiveness to be used in all levels of education.
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1. Introduction

Mathematics learning is an activity to acquire knowledge built by students themselves and must be done
in such a way as to provide opportunities for students to rediscover mathematical concepts [1].
Mathematics learning should start with contextual or realistic problems of life, be close to students'
minds, and be relevant to society to have human values [2]. Thus, learning mathematics in accordance
with the characteristics of mathematics itself, namely the existence of logical reasoning flow and has a
consistent deductive mindset [3,4].

In general, the aim of learning mathematics is to help students prepare themselves to be able to deal
with changing circumstances in life and in an ever-evolving world, through the practice of acting on the
basis of logical, rational, and critical thinking and preparing students to be able to use mathematics and
mathematical thinking in daily life and in learning various sciences [5,6].

Learning mathematics requires a serious study, the theory taught in mathematics is different from
the theory taught in other subjects [7]. Learning mathematics is not needed to memorize definitions but
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how to get understand the concepts or subjects taught [8]. Learning mathematics requires a lot of
practice, for example, solving practice questions, we must be able to master new concepts to solve
problems in questions [9]. There are other ways in learning mathematics for students can easily
understand the concepts taught by teachers or educators and this is by using learning media to them[10].

Learning media is one of the important components contained in the learning process [11]. The use
of instructional media should be part of the preparation of the teacher in learning activities [12,13]. The
reason behind when it is less varied and does not use optimal learning media causes a lack of interest
in learning among students [14,15]. Unfortunately, this is in contrary to the purpose of learning media
because it should serve as a learning aid that is useful for streamlining the learning process [16].

Learning media consists of various types. One type of learning media commonly used in schools is
print learning media [17]. The media is widely used because it is considered practical, can adjust based
on the ability of students, and easily distributed, but this media has a limitation that is, more likely,
unable to display certain objects such as sound, moving images, and three-dimensional objects [18].
Examples of learning that require visualization of three-dimensional objects are wide area polyhedron
[19].

Along with the development of technology, the limitations possessed by print-based learning media
can be minimized, one of them is by utilizing augmented reality technology [20]. This technology can
combine the virtual world and the real world in real time if supported by technological devices such as
computers, tablets, and smartphones [21]. Supported by adequate devices such as smartphones and
augmented reality technology, print-based learning media can not only display objects in two
dimensions on paper, but also in three dimensions, video and sound [22].

Augmented reality is a technology developed in the world, combining two-dimensional or three-
dimensional virtual objects into a real three-dimensional environment and then projecting these virtual
objects in real time [23]. Three-dimensional commonly abbreviated as 3D or called space, is a form of
objects that have length, width, and height [24]. This term is usually used in the fields of art, animation,
computer and mathematics [25]. The application of augmented reality is not like virtual reality which
completely replaces reality, but augmented reality only adds or complements reality by using the
ARToolkit and Marker Library so images in three-dimensional form will appear on the webcam-assisted
computer screen [26 - 28].

Some research results about augmented reality have been widely used in the learning process [29].
Here are some of the uses of augmented reality when it was used to medical students, the results show
that students can understand more deeply the anatomy of teeth [30]. Furthermore, through augmented
reality, students can overcome cognitive difficulties in the learning process and can visualize the
concepts of the material provided [31]. Augmented reality can encourage motivation, and understanding
of mathematics concepts in college students [32]. The results also state that the use of augmented reality
can improve the ability of the concept of food security in college students [33]. So, understanding
concept is one aspect of assessment in learning [34].

Vision of the development of mathematics learning is to meet the needs in the present and that is
mathematics learning should be directed to understanding mathematical concepts and principles which
are really needed to solve mathematical problems, problems in multidisciplines, and problems in daily
life [35]. Furthermore, to measure the ability to understand mathematical concepts, several indicators
are needed. The following are indicators of the ability of mathematical concepts, including: 1) Restate
a concept, 2) Classify objects according to certain properties, 3) Give examples and non-examples of
concepts, 4) Present concepts in various forms of mathematical representation, 5) Developing
requirements require a concept, 6) Using, utilizing, and choosing certain procedures or operations, and
7) Applying the concept.

The purpose of this study is to develop an understanding of mathematical concepts for prospective
teachers in Sultan Ageng Tirtayasa University through the use of augmented reality learning media. The
novelty of this research is the use of augmented reality in the form of cards that can be opened through
an android application, so students can learn by accessing various information from the learning process.
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2. Method

This type of research is a quasi-experimental research with one group pre-test-post-test design. This
study does not use a comparison class but has used a preliminary test so that the magnitude of the effect
of using augmented reality learning media can be known with certainty. In this study, the research
subjects were first given a preliminary test to diagnose the students' initial abilities before being given
mathematics learning by using augmented reality learning media. After given a preliminary test, then
the students were given a treatment called mathematics learning using augmented reality learning media.
After completing mathematics learning with augmented reality learning media, then all students were
given a final test to find out to what extent of the effect of learning mathematics using augmented reality
learning media had added on the understanding of mathematics concepts of pre-service elementary
education teachers of Sultan Ageng Tirtayasa University. Furthermore, the research design used can be
seen in Figure 1.

e o i Week |

v v v ol Week 2 -5
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Figure 1. One group pre-test post-test design

The subjects of this study were pre-service elementary education teachers of Sultan Ageng Tirtayasa
University. There were 20 students and all of them had heterogeneous characteristics. The instrument
used in this study was a test of mathematical concept ability. This research used a test instrument in the
form of essay questions. The instrument was given twice, namely the pre-test and post-test. Essay
guestions made were 10.

After obtaining the results of the pre-test and post-test results, then using the normalized gain score
formula (N-Gain) with the aim to find out the improvement of understanding mathematical concepts.
With the existence of score N-Gain it provides an overview of the improvement of students'
understanding of mathematics concepts between before and after treatment. The formula used can be
seen below [36].

Post—test score - Pre—test Score
Maximum score - Pre—test Score

N — Gain =
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Then, to determine the criteria for increasing understanding of mathematics concepts before and after
learning mathematics using augmented reality learning media can be seen in Table 1.

Table 1. Classification of N-Gain [36]

N-Gain Improvement Classification
g>0,70 High

0,30 <g<0,70 Medium

2<0,30 Low

3. Result and Discussion

3.1 Understanding of mathematics concepts
The results of understanding of mathematics concepts for pre-service elementary education teachers can
see in Figure 2 below.

70

QPretest
= 40
B Posttest
30
M N-Gain

Pretest Posttest N-Gain

Figure 2. The results of understanding of mathematics concepts

In Figure 2, we can see that the N-Gain results from understanding of mathematics concepts by 45% or
equal to 0.45. This shows that the ability of students' mathematical concepts that treated learning
mathematics by using augmented reality learning media is in the medium category. Based on the results
of the N-Gain, that learning by using augmented reality learning media is quite effective to improve
understanding of mathematics concepts.

Furthermore, the results of each aspect of understanding mathematical concepts can see in Table 2
below.

Table 2. Results of each indicator of understanding mathematical concepts

Indicator understanding of mathematical concepts Pre- Post- N-
test test Gain
Restate a concept 50 80 0.60
Classifying objects according to certain properties 45 70 0.45
Give examples and non-examples of concepts 50 65 0.30
Presenting concepts in various forms of mathematical representation 40 70 0.50
Developing requirements requires a concept 45 70 0.45
Using, utilizing, and choosing certain procedures or operations 45 70 0.45
Apply the concept 40 65 0.42
Average 45 70 0.45
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From Table 2, the process of learning mathematics by using augmented reality learning media can
improve students' understanding of mathematical concepts. In the restate a concept stage, students
experience an increase from 50% to 80%. N-gain obtained is 60% or 0.60. Based on the results of N-
gain obtained, then the restate a concept aspect of 0.60 is included in medium category. The first
indicator used in this study is an indicator of understanding mathematical concepts that measure
students' ability to restate a concept with their own language, which means the ability of students to
restate the concept of geometry is effective with their own language.

Furthermore, the results of classifying objects according to certain properties obtained from 45% to
70%. N-gain obtained is 45% or 0.45. These results indicate that the ability of classifying objects
according to certain properties belongs to medium category. Classifying objects according to certain
properties to the concept is the second indicator of understanding mathematical concepts, one of which
measured in this study is the ability of students to classify a problem based on the properties possessed
contained in geometry material.

Then in the Give examples and non-examples of concepts stages, it obtained from 50% to 65%. Then,
the N-gain obtained is 30% or 0.30. From the results of the N-gain, the ability to give examples and non-
examples of concepts is included in medium categories. The third indicator in this study is an indicator
that measures the ability of students to distinguish which are the examples and not examples of geometry
concepts.

In the presenting concepts stage, various forms of mathematical representation obtained from 40%
to 70%. Then, the N-gain obtained is 50% or 0.50. From the results of the N-gain, the ability of
presenting concepts in various forms of mathematical representation is included in medium categories.
The fourth indicator used in this study is to present concepts in various mathematical representations,
specifically indicators that measure the ability of students to present geometry concepts into the form of
images or symbols in a mathematical sequence.

Furthermore, at the developing requirements requires a concept stage, it is obtained from 45% to
70%. Then, the N-gain obtained is 45% or 0.45. From the results of the N-gain, that the ability of
developing requirements requires a concept is included in medium categories. Developing the necessary
or sufficient requirements of a concept is the fifth indicator in this study, which measures the ability of
students to solve problems according to procedures based on sufficient known requirements.

Then in the using, utilizing, and choosing certain procedures or operations stages, it obtained from
45% to 70%. Then, the N-gain obtained is 45% or 0.45. From the results of the N-gain, the ability of
using, utilizing, and choosing certain procedures or operations, is included in medium categories. Using,
utilizing and choosing certain procedures or operations are the abilities of students to solve problems by
choosing and utilizing established procedures, and this concept is the sixth indicator in this study.

Finally, apply the concept stage improved from 40% to 65%. Then, the N-gain obtained is 42% or
0.42. From the results of the N-gain, the ability to apply the concept is included in medium categories.
Applying concepts to problem solving is the seventh indicator of understanding mathematical concepts
that measure students' ability to apply a concept in problem solving based on the correct steps.

4. Conclusion

Based on the results on the analysis of the research data, this study extrapolates that learning
mathematics by using augmented reality learning media can improve understanding mathematical
concepts for pre-service elementary education teachers on the concept of geometry. This can be seen
from the results of each aspect or indicator achieved from understanding mathematical concepts. It also
showed by the average N-gain of each aspect of understanding mathematics concepts which described
that the category was sufficient at 45% or 0.45. This shows that learning mathematics by using
augmented reality learning media can improve understanding of mathematical concepts, particularly on
the concept of geometry.
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