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This study's impetus comes from two factors: students' poor computational
thinking (CT) skills in mathematics and the rapid development of information
technology in the digital era. Through the use of Augmented Reality (AR)-based
educational content powered by Unity 3D, which can be used for both online and
offline learning based on Initial Mathematical Ability (IMA), this research
explicitly intended to increase students’ mathematical computational thinking
ability. Augmented reality is the use of three-dimensional virtual objects that are
displayed in real time onto a real environment. Students' initial mathematical
proficiency, where each student has a distinct learning style, is one of the defining
variables in the success of mathematics learning. In this case, students' initial
mathematical ability is ability that students possess prior to participating in the
learning that will be provided. This study focuses on assessing the fundamental
level of mathematical skills that determine a student's readiness to learn under the
guidance of a teacher. A total of 30 students were randomly selected from each
seventh-grade class at a state junior high school in Pekanbaru to partake in this
quasi-experimental study throughout the academic year 2022-2023. The subject
matter of this study was flat shapes, particularly triangles and quadrilaterals. The
methods employed for data collection included two approaches: (1) administering
a test to assess mathematical computational thinking ability and (2) conducting
interviews. The interview and documentation data were analyzed in a descriptive
manner, while statistical tests were employed to analyze the results of the test. The
results indicated that utilizing augmented reality media with Unity 3D to enhance
students' mathematical computational thinking ability yielded better outcomes
compared to traditional learning methods, particularly for students with lower
initial mathematical ability levels.
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INTRODUCTION

Changes in world development marked by the development of information technology
require the education world to be able to design a curriculum that can grow the ability of
students in accordance with the development of technology and information. One of the
abilities that support the development of technology and information is the
computational thinking ability (Malik, 2018).

Computational thinking refers to a cognitive approach characterized by the ability to
express problems and their corresponding solutions in a manner that enables efficient
functioning of computers, individuals, or other technological systems (Wing, 2017;
Doleck et al., 2017; Durak & Saritepeci, 2018; Lee et al., 2014). Computational
Thinking involves a fusion of cognitive skills wherein an instructor must recognize
recurring patterns, tackle intricate problems by breaking them down into smaller steps,
devise a set of instructions to achieve solutions, and generate data representations
through simulation (Mauliani, 2020; Yadav et al., 2017; Humpreys, 2015; Kalelioglu et
al., 2016). Computational Thinking can also train the brain to get used to thinking
logically, structured, and creatively (Mufidah, 2018; Korkmaz et al., 2015; McNicholl,
2018; Yadav et al., 2014; Roman-Gonzalez et al., 2017).

Mathematics is one of the disciplines that need computational thinking abilities.
Mathematics is a science that can only be understood by reasoning, and it is frequently
referred to as a tool for logical, imaginative, and critical thinking. Mathematics holds
significant importance as an academic discipline, serving as a valuable indicator of
students' learning proficiency and their logical thinking capabilities.

Consequently, the acquisition of Computational Thinking skills becomes crucial for
students, as it enables them to effectively organize their approach towards tackling
intricate problems (Alfina, 2017; Cansu & Cansu, 2019; Fajri et al., 2019; Putra et al.,
2019; Syarifuddin et al., 2019). In addition, according to the world economic forum,
Computational Thinking is also an important skill needed in the future because by
mastering this ability, students will be better prepared to survive and compete in the
future. There are two major steps in Computational Thinking, namely the logical
thinking process followed by decision-making and problem-solving (Yang et al., 2018).

Computational thinking abilities can be improved or developed through the application
of AR media (Fukuda, 2019; Mustagim, 2016; Prasetyo & Sutopo, 2018). The
application of AR media can help achieve learning objectives (Fitri Ayu et al., 2022;
Mustagim & Nanang, 2017; Sidik & Vivivanti, 2021). The utilization of augmented
reality (AR) technology in education proves beneficial in imparting knowledge, skills,
and attitudes while also effectively capturing students' attention and fostering their
interest. This, in turn, leads to more focused and regulated learning experiences.

The use of technology in teaching and learning activities is very beneficial. Today,
technological advancement may be seen in many facets of daily life. Without altering
the material's content, educators must create engaging learning materials. Augmented
reality has emerged as a viable alternative to conventional educational resources,
fostering and enhancing students' creativity. Through the utilization of augmented reality
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learning materials, students can experience a nurturing environment that promotes the
development of their imaginative capabilities (Nurrisma et al., 2021).

Mahendra (2016), Muntahanah et al. (2017), Nurhasanah & Putri (2020), Rawis et al.
(2018), Rusnandi et al. (2016) Augmented reality is a technology that combines
computer-generated virtual objects with the real world in real time. It involves
integrating two-dimensional or three-dimensional virtual elements into the physical
environment. By doing so, augmented reality enhances the real world by adding virtual
elements that appear to coexist with reality. This technology allows users to experience
virtual objects as if they were truly present in the physical world, leading to engaging
and immersive interactions. To ensure effective implementation of AR technology and
improve the efficiency of digital image processing, certain conditions must be fulfilled.

Studies related to the importance of CT ability have been carried out previously
(Cahdriyana & Richardo, 2020; Kadarwati et al., 2020; Lestari & Annizar, 2020;
Tresnawati et al., 2020; Zahid, 2020). Other researchers have focused on identifying the
effectiveness of CT abilities in increasing students' creativity, identifying the
relationship between CT abilities and critical thinking, identifying the establishment of
CT capabilities through the Bebras challenge, and identifying CT abilities in
mathematics learning. In the meantime, the other studies related to the using of
augmented reality media in learning have been carried out as well (Idhami et al., 2020;
Mustagim, 2016; Mustaqim & Nanang, 2017; Nugroho & Pramono, 2017; Nuraisa et
al., 2019; Rosali & Suryadi, 2021; Saputri & Sibarani, 2020; Setyawan, 2019; Sidik &
Vivivanti, 2021; Suciliyana & Rahman, 2020; Yuntawati et al., 2021). In this case, the
researchers have focused on identifying the application of AR in various aspects,
including in the introduction of building objects, as a media for children's health, in
learning mathematics, as a learning medium, in computer network installations, as a
science learning media, and for interior design.

Learning ability encompasses various aspects, including the approach to learning,
existing knowledge, areas of ignorance, and the assessment of future learning goals.
Basically, the initial ability is the cognitive capacity that a person acquires in previous
learning to the new learning process. The initial proficiency of students plays a crucial
role in the teaching and learning process, particularly in preparing them to grasp more
advanced concepts (Gais & Afriansyah, 2018; Hanafi et al., 2019; Purnamasari &
Setiawan, 2019; Supianti et al., 2021; Zulkarnain, 2019). When students possess a
higher level of initial ability, they tend to grasp and comprehend the topics presented by
their teachers more effortlessly, leading to improved learning outcomes (Angraini,
Kusumah & Dahlan, 2019). In light of students' initial mathematical ability, this study
sought to determine whether students' mathematical computational thinking skills had
improved through learning processes using augmented reality media with Unity 3D.

Literature Review

Computational Thinking is indispensable in mathematics (Kawuri et al., 2019; Yasin,
2020). The acquisition of mathematical skills, which is intricately connected to problem-
solving, necessitates students to possess a capacity for computational thinking. CT is
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basically a student's thinking activity in understanding the context of the problem, where
the students will further reason up to the abstraction stage and end up in systematic
problem solving (Cahdriyana & Richardo, 2020; Zydney et al., 2020).

Computational Thinking enables students to enhance their decision-making abilities and
facilitate the resolution of mathematical problems with greater ease (Lee et al., 2014).
Therefore, several developed countries began to update the education curriculum in
schools in 2014 to introduce and train students' computational thinking ability from an
early age (Citta et al., 2019). This was carried out based on the belief that computational
thinking trains the brain to think logically, in a structured way, and systematically
(Maharani, 2020).

Computational Thinking is an ability that supports the problem-solving process in
learning mathematics. Mathematics and computational thinking are mutually supportive,
with the use of computational thinking enhancing the learning of mathematics and
science as well as the application of mathematical and scientific contexts enhancing
computational thinking ability (Sukamto et al., 2019).

Computational Thinking in mathematics includes: decomposition, patterns and
generalizations, abstractions, and algorithms. Decomposition is an attempt to break
problem into several parts and solve them one by one. Generalizations and patterns are
attempts to recognize regularity or character similarities and then use them as a basis for
solving problems. Abstraction is an attempt to translate the problem into a mathematical
problem. Meanwhile, the algorithm is in the form of the use of coherent steps in solving
problems.

The transmission of messages or materials from the message-giver (teacher) to the
message-recipient is known as the learning process (student). Encoding is the process of
transforming messages or materials into symbols for verbal and nonverbal
communication. Meanwhile, decoding is the interpretation of communication symbols
by students. Depending on the message or material, it may or may not be effective in
delivery. Noise or a barrier in this communication process is failure. Teachers need
educational media to present content during a learning process (Estheriani & Mubhid,
2020; Yusnita et al., 2022).

To establish a student-centered learning environment, it is crucial to employ learning
resources that effectively inspire students to engage in autonomous learning. This
necessitates the utilization of technology as a fundamental component for creating
impactful educational materials. Virtual technology, which has emerged as a result of
the fourth industrial revolution, represents one such technological innovation. This was
chosen because information can be provided about real objects with accuracy thanks to
virtual technology. The use of augmented reality is a type of virtual technology
(Arifitama, 2017; Hu Tianyu et al., 2017; Fan & Liang, 2012; Zhong et al., 2015).

According to Purnomo & Haryanto (2012), in the field of multimedia and image
processing, augmented reality is a development and invention that is currently under
development. With the help of this technology, an object that was previously unreal
might appear to merge with its surroundings and become genuine. A real-world
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environment is combined with 2- and 3-dimensional digital objects using augmented
reality technology, which then projects the virtual objects in real-time (Rachmanto &
Noval, 2018; Haryanto et al., 2018; Zarzuela et al., 2013; Lee & Choi, 2014; Norouzi et
al., 2019).

A technology known as "augmented reality” uses two- or three-dimensional virtual
objects to be combined with real-world surroundings and then projected in real time.
Unity 3D is the creation of moving images in 3-dimensional digital space (Sural, 2018;
Wahtu et al., 2020). This was done by creating image frames that simulate movement,
filmed with a virtual camera, and the output was in the form of rendered or real-time
video, so that learning mathematics was more enjoyable. To run the augmented reality
media, there were several steps that students must take. The first step is that students
opened the augmented reality media that has been distributed, then students pressed the
"start" button to go to the main menu page. The second step is the students could
immediately open the material menu by pressing the "material" button and the
evaluation menu by pressing the "evaluation" button. In the third step, the Android will
automatically open the camera feature, then point the camera at the target images
(triangles and quadrilaterals) that have been given. In the fourth step, when a plane view
appears, the user can enlarge or reduce objects and rotate objects with existing buttons.
In the last step, after students have finished using augmented reality media, users can
exit the media by pressing the "exit" button on the top right.

Mahendra (2016), Muntahanah et al. (2017), Nurhasanah & Putri (2020), Rawis et al.
(2018), Rusnandi et al. (2016) further stated that augmented reality is a technology that
projects virtual things in real time while integrating two-dimensional or three-
dimensional virtual objects into a real world. Furthermore, Ananda et al. (2015), Efendi
(2020), Partiwi (2019), and Rosa et al. (2019) The three fundamental principles of
augmented reality can be summarized as follows: Firstly, it combines the real and virtual
realms, bringing them together seamlessly. Secondly, it functions in real time, allowing
for interactive experiences. Lastly, it incorporates three-dimensional elements, or virtual
objects, into the actual environment, enhancing the user's perception. There are
presently many uses for augmented reality systems, including in entertainment,
education, science, engineering, manufacturing, and other areas.

METHOD

This research employed an experimental approach to enhance students' computational
thinking skills by utilizing augmented reality (AR) technology, taking into account
their initial mathematical abilities. The study design adopted a quasi-experimental
method due to the school's restriction on individual randomization, leading to non-
random selection of students as participants. Therefore, the researcher conducted
randomized classes, where both classes were taught by the same teacher and had the
same initial mathematical ability as well.

This study took place in a junior high school located in Pekanbaru. Specifically, it
focused on students in the seventh grade during the academic year 2021/2022. The
research explored the topic of flat shapes, with a specific focus on triangles and
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quadrilaterals. 30 students from two classes the experimental class and the control class
made up the study's subjects. The subjects in this study were relatively small because the
number of students in each class was only around 18 people. However, during the
learning process, some of them were affected by Covid, so that only 15 people routinely
took part in offline learning from the start to the end of each class. Although the subject
of this study was relatively small, according to (Borg and Gall, 2007) specifically for
research simple experiment with tight control research success can be achieved by using
a sample of 15-30 respondents per group.

The research subjects in each group were 12-13 years old. Both groups were taught by
the same teacher with different treatment. In this scenario, the experimental group was
exposed to a learning process that involved the utilization of AR-based learning media
through the platform of Unity 3D. On the other hand, the control group experienced a
learning process where teaching materials were provided in the form of Student
Worksheets. Each learning media used aimed to improve students' computational
thinking ability and arranged based on indicators that measure computational thinking
ability, namely: decomposition, patterns and generalizations, abstractions, and
algorithms.

This research was carried out for 6 meetings (almost 1 month). Before applying the
learning media to each group, the researcher gave a test to find out the initial
mathematical abilities possessed by each group. Furthermore, after the 6 meeting, the
researcher gave a final test to see the improvement occurred in each learning group. At
each meeting, each group studied the same material, namely about flat shapes (triangles
and quadrilaterals), where each group was taught by the same teacher, the same amount
of learning time, and learning media that emphasized learning to improve computational
thinking ability.

Furthermore, the instruments used in this research were (1) a computational thinking
ability test and (2) interviews. The test consisted of 5 questions, in which each question
had a maximum of 20 points. The test results for each student were calculated based on
the answer keys that have been prepared, then the researcher clarified students' answers
through interviews to ensure their computational thinking ability. Students who were
interviewed were only representatives from each category of students' initial
mathematical abilities. The following is one of the 5 questions on the student's
computational thinking ability test.

Trisna drew right triangles on his playing page. After that Trisna recorded the lengths
of the sides of the right triangles, then calculated their circumferences as follows:

Triangle Side Length (cm) Circumference (cm)
1 3,4,5 12
2 12, 16, 20 48
3 27, 36, 45 108
4 48, 64, 80 202
5 75, 100, 125 300
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Based on the data above, Trisna predicted that the 20" triangle will have a
circumference of 48 m.

a. Are the notes made by Trisna definitely true, or maybe they are right, or lack data,
or maybe they are wrong, or are they definitely wrong? Explain.

b. Find the pattern of the side lengths of the right triangles above and generalize
conclusions about the circumferences of the right triangles.

The computational thinking ability test instrument was first validated by experts. In this
case, the validators were 2 mathematics education lecturers at a university in Pekanbaru,
Indonesia. The test outcomes were assessed using the 2-way Anova analysis. Before
conducting the 2-way Anova test, the data underwent prerequisite tests to verify if they
satisfied the assumptions of normality and homogeneity. The normality assumption was
examined using the Kolmogorov-Smirnov test, while the homogeneity assumption was
assessed using the Levene test. If the data did not meet the normality assumption, the
analysis was performed using a non-parametric test called the Adjusted Rank
Transformation Test.

This research aimed to examine how testing the initial mathematical skills could impact
the assessment of students' computational thinking abilities. Good thinking skills are
often correlated with strong mathematics skills, and the reverse is also true. weak math
skills frequently indicate weak thinking skills as well. Thus, this study will also look at
students' initial mathematical ability as one of the determining factors in differentiating
students' increased computational thinking ability through the application of AR media
with Unity 3D. The categorization of students' initial mathematical ability was further
divided into three groups, namely high, medium and low. This categorization is
explained in the table below:

Table 1
The category of students’ initial mathematical abilities
Score Category
X <30% Low
30% < X <70% Medium
X >70% High

The purpose of this research was to examine, explain, and compare the progress of
students in developing their mathematical computational thinking abilities when using
augmented reality media with Unity 3D versus those who received traditional
instruction. The study took into account the initial differences in students' mathematical
abilities by categorizing them as high, medium, or low. Before conducting the study, a
pre-test was administered to assess the students' baseline math skills. The results of the
pre-test were then used to group the students into the high, medium, and low categories
based on their initial abilities. Here is the breakdown of the research sample distribution.
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Table 2
The data distribution of research samples
IMA Control Experiment (AR) Amount
High 5 5 10
Medium 5 5 10
Low 5 5 10
Total 15 15 30

Description: Experiment = Augmented Reality.
Control = Conventional Learning.

Statistical evaluation of test findings uses SPSS 26.0 software, which includes two-way
Anova, t-tests, descriptive statistics, and the Kolmogorov-Smirnov and Levene
homogeneity tests. The data's normality and variance homogeneity were both confirmed
before doing any statistical tests, respectively.

FINDINGS AND DISCUSSION

Before this research was conducted, initial mathematic ability data were gathered and
analyzed to ascertain students' beginning math ability. The foundational knowledge of
mathematics was derived from the prior subject's mathematical value. The results were
then divided into groups according to the categories of high, medium, and low initial
ability. The data was analyzed in a descriptive manner to obtain key statistics such as the
average, variability, lowest value, and highest value, with the aim of gaining a broad
understanding of the initial mathematical skills of the students. A summary of the results
of the descriptive analysis of student data on their first mathematical proficiency,
considering their previous learning achievements, is presented in the table 3:

Table 3
The data description of students’ initial mathematical ability
Descriptive statistics Control Experiment (AR)

N 15 15
Mean 81.52 80.45
Sd 6.64 6.12
Max 98 100
Min 64 65

According to the table provided, the control class's initial mathematical aptitude is
described in a more accurate manner compared to that of the experimental class. Despite
the lack of significant difference, the researchers selected students with an average score
of 80.45 for the experimental class. Their intention was to surpass the average
performance of the traditional instruction group, which is the control class.

Furthermore, before conducting the t-test to compare the initial mathematical ability
between the two learning groups, the researchers performed tests to assess data
normality and homogeneity of variance. In this case, the Kolmogorov-Smirnov test was
employed to determine whether the data followed a normal distribution. The results of
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the normality test for the initial mathematical aptitude data of students in both learning
groups are presented in the following table:

Table 4
The normality test of students’ initial mathematical ability

Kolmogorov-Smirnov Control Experiment (AR)
N 15 15
Sig. 0.38 0.50

The significance value (sig.) of the data regarding traditional learning and augmented
reality media using Unity 3D is higher than 0.05, indicating that the null hypothesis (HO)
holds true. This suggests that the sample data for both groups is derived from a
population with a normally distributed distribution. Additionally, Levene's test will be
employed to assess if the variance of the initial mathematical aptitudes in the two
learning groups is similar. The subsequent table displays the results of the homogeneity
test for the students' initial mathematical aptitude in the two learning groups:

Table 5
The homogeneity test of students’ initial mathematical ability

Levene-test Data Criteria

N 30

Ho rejected
Sig. 0.27

The probability value (sig.) of the data is more than 0.05, as can be seen in the table
above. Based on the obtained results, it can be inferred that the null hypothesis Ho holds
true, indicating that there is validity in assuming the equality of variances between the
two groups. Additionally, the t-test was employed to ascertain the similarity of the
baseline data regarding mathematical aptitude. The table presented displays the findings
of the test conducted to assess the comparability of students' fundamental mathematical
abilities, considering their learning.

Table 6
The équivalence test of students’ initial mathematical ability
t-test Data Criteria
N 30
Ho accepted
Sig. (2-tailed) 0.33

Based on the table provided, as the probability value (sig.) is higher than 0.05, the null
hypothesis (HO) is accepted. Consequently, it can be concluded that there is no
significant difference in the average initial mathematical aptitude between students who
received instruction using augmented reality media with Unity 3D and those who
received traditional instruction. This finding supports the statement presented in Table
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2, suggesting that there are generally no noticeable variances in basic mathematical
aptitude between the experimental and control classes.

To further investigate, a two-way ANOVA test will be conducted to examine the
disparity in the improvement of mathematical computational thinking abilities among
students who undergo learning with augmented reality media utilizing Unity 3D, based
on their initial mathematical abilities. Data were descriptively examined to identify the
mean, standard deviation, minimum value, and maximum value in order to provide an
overview of the two student groups' mathematical computational thinking abilities. The
table presents a condensed overview of the results obtained from the descriptive analysis
of the students' data concerning their aptitude for mathematical computational thinking
in two different lessons.

Table 7
The description of data gain students' mathematical computational thinking ability
Learning Ability Mean of Gain Sd
AR High 0.93 0.23
Medium 0.78 0.11
Low 0.73 0.15
Control High 0.69 0.13
Medium 0.64 0.10
Low 0.61 0.09

As noted in the table above, students who got conventional instruction did not perform
any better in terms of their ability to think mathematically and computationally than
students who received instruction utilizing augmented reality media and Unity 3D. This
indicates that students who received instruction using augmented reality media and
Unity 3D had stronger overall average mathematical computational thinking ability than
students who received instruction using traditional methods.

The mathematical computational thinking skills of students who were taught using
augmented reality media through Unity 3D were compared to those who received
traditional instruction. Afterward, the average difference was assessed. The
Kolmogorov-Smirnov test was used to determine whether the data were normal. The
following table shows the results of the normality test of students' capacity for
mathematical computation in the two learning groups:
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Eke)lﬁogrmality test of data gain students' mathematical computational thinking ability
Kolmogorov-Smirnov Control Experiment

N 15 15

Sig. 0.20 0.17

Description Ho accepted Ho accepted

According to the provided table, the statistical analysis revealed that the significance
value for the mathematical computational thinking capacity of the two learning groups
was greater than 0.05. Therefore, it was concluded that the null hypothesis was valid.
Consequently, both the experimental class and the control class exhibited normally
distributed results in terms of students' mathematical computational thinking ability.

Additionally, Levene's test was utilized to assess whether the variance in computational
thinking ability between the two sample groups was equal. The results of the
homogeneity test, displayed in the table, indicate the outcomes of this analysis for the
students' capacity for mathematical calculation in the two learning groups.

Table 9
The homogeneity test of data gain students' mathematical computational thinking ability
Levene-test dfl df2 Sig.
10,727 5 24 0.82

The homogeneity of data variance, as indicated in the table, did not show a significance
value lower than 0.05. This suggests that the null hypothesis is likely to be true. Moving
forward, the aim is to assess whether there is a notable difference in the average
mathematical computational thinking ability between students who underwent learning
with augmented reality media using Unity 3D and those who followed traditional
learning methods. It should be noted that the data on mathematical computational
thinking ability for both learning groups adhere to the assumptions of normality and
homogeneity of variance. The statistical hypothesis as follows:

Ho: pu = p2

Hiipa > 2

Description:

1 - The normalized average gain of experimental class computational thinking
ability

12 - The normalized average gain of control class computational thinking ability

The following table displays the results of the calculation.
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Table 10
The two-way Anova test of data gain students' mathematical computational thinking
ability

sum of squares df Average square  F Sig.  Ho
IMA 7646.67 2 3823.33 7.18 0.00 Rejected
Error 1668.00 24 69.50
Total 1322.17 30

The table clearly demonstrates that the learning factors utilized by each learning group
had a notable influence on the students' proficiency in mathematical computational
thinking. This is evident from the significance value of 0.00, which is lower than the
accepted threshold of 0.05. Hence, considering the students' initial mathematical
abilities, there was a noteworthy distinction in the average mathematical computational
thinking ability between those who were taught using augmented reality media with
Unity 3D and those who underwent traditional teaching methods.

According to Hendriyani et al. (2019), Augmented reality technology has the ability to
create complex 3D models, which can pose a difficulty for students to visualize in a
traditional classroom, on a computer screen, or in their minds. The utilization of
augmented reality technology in education offers numerous advantages, such as
substantial enhancements to the learning experience and promising potential for
educational purposes (Sa'diyyah et al., 2021). The presentation of augmented reality
media on triangle and quadrilateral materials is illustrated in the following figure:
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SEGITIGA

PERSEGI

LUAS PERSEGI
SPANJANG

CON'IéOH SOAL

Figure 1
Augmented Reality view on triangles and quadrilaterals
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Information:

Segitiga : Triangle
Segiempat : Quadrilaterals
Persegi : Square

Luas Persegi Panjang : Rectangular area
Contoh Soal : Problem Example

Augmented reality (AR) is a type of media and human interaction that presents unique
experiences to its users. One advantage of AR is its ability to deliver lifelike visual
effects through animated imagery. The study conducted on the use of augmented reality
as an educational tool has highlighted its positive influence on enhancing students'
mathematical computational thinking ability. The impact of this technology on students'
mathematical skills was found to be substantial, especially when considering their initial
mathematical proficiency level. Examples of the outcomes of the experimental class's
computational thinking mathematical test and the outcomes of student interviews are
provided below:

1) Decomposition
Q: What do you know from the first question?
S: The sides of the triangle, the perimeter of triangles a, b, and c.

Pattern recognition

Q: What are a, b, and c?

S: ais the first term because the number pattern is two levels, so b is the first difference,
and c is the second difference.

Q: What steps did you take when answering the first question?

S: Looking for the truth of the data.

2) Abstraction and generalization of patterns

Q: How?

S: First, look for the difference and then use the formula for the pattern Un two-level
number, and the result is 48m.

Q: How do | find the pattern?
S: Use the previous formula again and enter the values of a, b, and ¢ for
get the pattern.

3) Algorithm thinking

Q: What results did you get?

S: The pattern is 12n?

Q: How much does it start with?
S:nis 1.

Based on the results of student answers and interviews, students were able to meet the
indicators of computational thinking (decomposition) well, namely identifying the
information that was known and what was asked of the questions seen in the answers of
students who wrote down information about what was known from the questions and
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when interviewed students said what the meaning of the information he wrote. Students
were also able to meet the indicators of computational thinking (pattern recognition)
well, namely recognizing the same/different patterns or characteristics in solving the
problems given. It can be seen from the student's way of thinking in the answers that
students used the formula for the Un pattern of two-level numbers, and when
interviewed, students can mention what steps they took at the beginning to solve
problem number 1.

In addition, students were also able to meet the indicators of computational thinking
(abstraction and generalization of patterns) well in question number 1, seen from the
answers of students that they looked for the difference from the circumference of the
triangle first. At the time of the interview, the student answered that he was looking to
the perimeter of the 20™ triangle, whether 48 m or not. After that, he looked for the
pattern. Students were able to fulfill the indicators of computational thinking (thinking
algorithms) well in question number 1. Students mentioned the patterns they used when
answering the questions given. In the student's answer when writing his conclusion, he
did not write down his statement starting from how many. However, when interviewed,
the students knew and answered the statement. On the indicators of computational
thinking (algorithm thinking), students were only negligent in drawing conclusions.

Students' mathematical computational thinking abilities are positively impacted by the
learning process using augmented reality media created with Unity 3D, especially for
flat content. This was demonstrated by the experimental class's 81 overall average score
on tests of mathematical computational thinking. Based on their initial mathematical
ability, this demonstrates that the experimental class's average computational thinking
ability is higher than the control class's average computational thinking ability.
However, the biggest challenge is making the transition to feeling comfortable using AR
media formats and platforms, which are still relatively new in the classroom. The
conclusion drawn is that the students in the control class had not been able to meet the
computational thinking indicators (decomposition) well, namely in determining what
information was known and what was asked from the questions, came from the results of
the control class students' answers. When students were interviewed, those who did not
take notes about what was learned through the questions provided insufficient replies.
They discussed the information that was available. While students could recognize the
same or different patterns or characteristics when solving the questions, they were less
able to meet the indicators of computational thinking (abstraction and generalization of
patterns) well on the questions and were also unable to meet the indicators of
computational thinking (algorithm thinking). Students were able to describe the patterns
they employed, while responding to the questions asked, as can be observed from their
replies. However, when making conclusions, the answers were incorrect.

Based on their baseline mathematical abilities, students' computational thinking skills
can be improved by applying learning through augmented reality. It should be realized
that computational thinking ability have a clear relationship with critical thinking ability.
Therefore, someone who has good computational thinking ability will usually be more
critical in solving mathematical problems. Hence, when someone is accustomed to
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computational thinking, it is likely that someone is trained to critical thinking. On the
basis of this connection, it is necessary to do future research on the application of
learning using augmented reality to improve students' critical thinking ability based on
initial mathematical abilities.

During the learning process, the researchers saw that male students were more
enthusiastic about using AR media. In this instance, their enthusiasm could be shown in
three ways: 1) they were more active in asking questions, 2) they were more eager to
move forward and explain the outcomes of the exercises, and 3) they were more eager to
advance AR applications. The researcher believes that, in order to develop students'
capacity for critical thought, it is crucial to take gender into consideration while
implementing learning via AR media. The hypothesis that gender influences student
learning results is also supported by this.

CONCLUSION

Based on the findings from data processing, analysis, and previous discussions, the
following conclusions can be drawn: The enhancement in students’ mathematical
computational thinking skills is more significant when they learn using augmented
reality media compared to conventional learning, considering their initial mathematical
abilities. This suggests that the initial mathematical skills of individual students play a
role in distinguishing their abilities in mathematical computational thinking between
those who receive augmented reality-based learning and those who receive conventional
learning methods. Furthermore, it is necessary to examine how the effect of learning
with augmented reality media on other mathematical abilities, especially on higher order
thinking ability. This research is only limited to flat shapes (triangles and quadrilaterals),
hence it is suggested that future research will further develop learning with augmented
reality media on other materials. In addition, the research samples taken are only 30
students, so the results of this study are not necessarily in accordance with other junior
high schools which have different student characteristics. It is hoped that future
researchers can use a larger sample with the aim of strengthening generalizations.
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