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The Effectiveness of Implementation Learning Media Based
on Augmented Reality in Elementary School in Improving
Critical Thinking Skills in Solar System Course

N | Zuniari, Z R Ridlo", S Wahyuni, E M Ulfa, and M K S Dharmawan
Department of Science Education, University of Jember, Indonesia
“E-mail: zainur.fkip@unej.ac.id

Abstract. This research aims to explore students’ critical thinking skills in Augmented reality-
based learning media implementation on solar system lessons in elementary school. Critical
thinking skills at the elementary school level are still relatively low due to the lack of
application of learning media that support the improvement of critical thinking skills. Learning
media is a very important part of learning. Research design compares modern classes
(experimental classes) with control classes. Teaching using augmented reality-based learning
media is carried out in experimental classrooms, while teaching is directly carried out in the
control class. As a researcher using research and development methods with a qualitative
approach to quasi-experimental research methods (pseudo-experiments) with pure
experimental design, namely Pre-test Post-test Control Design. It can be known that the value
of significance in this study is 39.5% or 0.395 to pre-test. The average pre-test value obtained
for the control class was 46.60 with a standard deviation of 12.32 while the average pre-test
value for the experimental class was 48.57 with a standard deviation of 11.20. The collection
of post-test in the control class was 72.3214 with a standard deviation of 10.45291 while the
average value of the experimental class was 90.1429 with a standard deviation of 6.89452.
Based on the t-test it can be known that in the pre-test values of the two classes there is no
significant or homogeneous difference. After being given the treatment of augmented reality
learning media in solar system materials, the post-test values of both classes experienced a
significant difference with a Sig.2-Tailed value of 0.000. The results of this study that the
learning medium of Augmented Reality has an impact on students' critical thinking skills.

1. Introduction

Natural sciences, which are generally referred to as sciences, have distinct characteristics that
distinguish them from social sciences. Science consists of several branches of science. Physics,
biology, and chemistry are some examples of branches of science. Each branch of the natural sciences
has a character that makes each branch of science different and distinctive from the others [1].

Natural Sciences is a subject in elementary schools [2]. Natural Sciences is one of the important
subjects in learning [3]. With the existence of natural science students can find out about living things,
non-living things, science about life, and science about the physical world [4]. After knowing these
natural phenomena, it can apply them in everyday life. To facilitate the application of Natural
Sciences in everyday life, it is necessary to increase students' critical thinking skills by practicing
mastery of a concept by students not only in the form of memorizing several concepts they have
learned. This makes them able to apply the concept they have to other aspects [5].

The weakness in science learning is due to the techniques or learning media used to put more
emphasis on memory factors [6]. Verbalism is a learning process where the teacher is more dominant

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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and the source of information only comes from the teacher [7] students are difficult to understand
because they can only hear and memorize words without seeing the visualization. Real science
learning is not the memorization of meaningful words, but rather the result of associations from
experiences [8]. In learning, the teacher must have a strategy to create these experiences, namely the
visualization strategy. Visualization strategy is a strategy that utilizes images to help strengthen
students' understanding of the meaning of words [9].

In the process of teaching and learning, the teacher must know the abilities and characteristics of
students on the material provided. One of the materials that students do not understand is the solar
system. The solar system itself is a basic science in the field of natural science lessons that can be
obtained in elementary school education, where things that are discussed in general are about the sun,
planets, and other objects around the sun [10]. The solar system is a system consisting of the Sun,
eight planets, dwarf planets, comets, asteroids, and other small celestial bodies [9]. The solar system
is divided into several different areas. The first area is the sun, the second area is the terrestrial planets
(rocky planets), the third area is the asteroid belt, the area contains space rocks between the orbits of
Mars and Jupiter, and the fourth area contains giant planets [11]. In learning, a teacher must have a
strategy to create these experiences, namely with visualization strategies. Visualization strategy is a
strategy that utilizes images to help strengthen students understanding in interpreting words.

Systems that exist today, generally children know the solar system only from the media of books
obtained from the school. Books used in solar system learning activities, of course, only display
pictures of objects from members of the solar system, which results in students losing an opportunity
to develop skills, observing and can reduce the curiosity of students [10] and have an impact on the
achievement of learning goals. One solution to overcome students' lack of understanding of the solar
system material is to use interactive learning media. Learning media is one component of learning that
has an important role in teaching and learning activities, therefore, teachers need to learn how to
determine learning media [12]. Learning media is a media used in learning, which includes teacher
aids in teaching and means of carrying messages from learning sources to recipients of learning
messages (students) [13]. Like a film, diagrams, computer, television and instructors is a media
communication channels. Learning media is a tool used to deliver learning materials that can make
students follow the learning process [14]. One of the learning media that can support the need for
material on the solar system is ARLOOPA, which is an application that can be operated on devices
based on augmented reality.

The use of augmented reality media is still lacking its use in elementary schools, so there is a need
for innovation presented in learning in primary school. There needs to be research that discusses the
importance of augmented reality learning media to be applied in learning in elementary schools, this
aims to ensure the purpose of learning science can be conveyed well through learning media
innovations in the world of education [15].

Based on this description, the researchers want to conduct a study to determine the effectiveness
of the ARLOOPA application on learning in schools. Thus, data and information will be obtained
whether the application can improve students' understanding of information to improve critical
thinking skills and the ability to ask elementary students. Several problems will be answered through
this research. These problems include: 1) Whether the use of Augmented Reality (AR) learning media
is suitable for use in the delivery of materials related to the solar system, 2) Whether there are
constraints in the use of Augmented Reality (AR) learning media, 3) How effective is the ARLOOPA
application as a media of delivery of solar system materials, 4) How to think critically and the ability
to ask students when using ARLOOPA applications. The purpose of this research is to obtain data and
information about 1) Whether or not there is suitability for using Augmented Reality (AR) learning
media to be used in delivering material related to the solar system, 2) Whether or not there are
difficulties in using augmented reality learning media, 3) the effectiveness of the ARLOOPA
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application as a media for delivering material on the solar system, 4) the ability to think critically and
the ability to ask students when using the ARLOOPA application. This research will be very useful
for researchers in developing Augmented Reality (AR) learning media assisted by the ARLOOPA
application.

2. Methods

As a researcher using research and development methods with a qualitative approach to quasi-
experimental research methods (pseudo-experiments) with pure experimental design, namely Pre-test
Post-test Control Design. The qualitative approach is research used to examine natural objects where
the researcher is a key of instrument research, data collection techniques are combined, data analysis
is inductive, and a result of qualitative research results underline meaning rather than generalization
[16]. The media developed in the form of 3-dimensional interactive learning media Augmented
Reality (AR), assisted by the ARLOOPA application that will be used by students.

The study was conducted by observing students' understanding of solar system materials and
conducting survey activities on respondents (students) who were designated as samples. The
population in this study was elementary school students. Sampling is done randomly. Then from the
results of randomization, found two classes in one school, namely Semboro State Elementary School
04. In class A, 28 students were selected as respondents to the control class. While in class B also
selected 28 students as respondents in the experimental class, with a total of 56 students in the study.
The method used is mixed methods.

Table 1. Research design using mixed methods

Group Pre-test Treatment Post-test
Control Class Oy = 0O,
N = 28 students
Experiment Class Os X O4

N = 28 students

01 & O3 = both groups of classes were tested with a pre-test to find out there that were expected to be
at the same level

O, = the post-test results of the control class

O, = the post-test results of experiment class [17]

‘ Problems ‘
I

‘ Subject sampling ‘
T

Instrument Development

Validation

Pre test

Quantitative Qualitative
‘ Control ‘ | Experiment | Control ‘ ‘ Experiment

| Independent t test ’J——‘ Data analysis }—i‘ Observation

I
Research result

Figure 1. The triangulation model in mixed-method [18]
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2.1 Population of Research

The population of this study is third-grader of Semboro State Elementary School 04, Jember Regency.
The number of students is 58 students. The control class consisted of 28 students consisting of 14 men
and 14 female students. In the experimental class, 28 students consisted of 15 male students and 13
female students. Data were collected from August to December 2021.

2.2 Observation

Observation is the collection of data or information that must be carried out by conducting
observation efforts directly to the place to be investigated. Observations are made to identify the
problems that exist in a population. Observation activities can be in the form of observations of
teacher and student activities during the learning process. Through these observations, it can be
known that students of grades I11A and 111B are less able to understand the material related to the solar
system.

2.3 Test

This test is used to obtain data on the critical thinking skills of grade I11A students as a control class
and class I1IB as an experimental class, either by using ARLOOPA learning media or using lecture
methods. These tests are tests, pre-test, and post-test.

2.4 Instrument Data

Provide assignments and observation sheets are used as instruments in this study. The control class
and the experimental class were assigned a pre-test, and the post-test consisted of 12 questions.
Student computational thought sheets use the Likert scale. Very good (score 5), Good (score 4),
Medium (score 3), Fair (score 2), and Less (score 1).

2.5 Task

Humans have been looking at the sky for thousands of years ago. Early observations were recorded
related to the change in the position of the planets and the development of ideas related to the solar
system. To describe distance in the solar system a convenient to use astronomical units (au), the
means distance of the Sun to the Earth Planets. 1 au is = 1.49597870 x 10! m. Based on observing
and trusting. Nowadays, humans also know that objects in the solar system orbit Sun. In addition to
the Sun in antiquity, objects moving relative to the stars are Mercury, Venus, Mars, Jupiter, and
Saturn. The sun's gravity has an effect on things in the solar system to have movement, as earth's
gravity affects the movement of the moon orbiting it. Johannes Kepler was a mathematician in the
1,600s in Germany. He began studying planetary orbits and he was found a planet's orbit is not
circular, but Oval or elliptical. Account it further shows that the location of the sun is not at the center
of orbit, but a little offset. Kepler also discovered the planet moving at different speeds in their orbits
around the sun. To control the motion of the solar system's bodies, that is called gravitationally. With
elliptical orbit all of planetary orbits around the Sun.
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Figure 2. Planetary orbit around the sun
Kepler’s Law of planetary motion is a third law to describe the motion of the planets in the solar
system. We denote the angle between the radius vector r and e by f. The angle f is called the true

anomaly. Using the properties of the scalar product, we get:
r.e=recosf @

But the product r - e can also be evaluated using the definition of e:

2
r.e= % -r 2
Equating the two expressions of r - e we get
k2
— u
"N 1+ecos f (3)

We find that r attains its minimum when f= 0, i. e. in the direction of the vector e. Thus, e indeed
points to the direction of the perihelion. Starting with Newton’s laws, we have thus managed to prove
Kepler’s first law: “The orbit of a planet is an ellipse, one focus of which is in the Sun”. Kepler’s First
Law of planetary motion describes that all planets move around the sun in elliptical orbits with the sun
as one focus of the ellipse. Vector perpendicular to the orbital plane. The magnitude of k is

k=r%xf 4)

This is obviously the time derivative of some areas, so let us call it "A. In terms of the distance r

and true anomaly f, the surface velocity is
A= % xr?xf
A= xk (5)

Since k is constant, so is the surface. Kepler’s Second Law: “The radius vector of a planet sweeps
equal areas in equal amounts of time”. Kepler’s Second Law describe that a radius vector joining any
planet to the sun sweeps out equal areas in equal lengths of time. Since the Sun until planet distance
varies, the orbital velocity must also vary. From Kepler’s second law it follows that a planet must
move fastest when it is closest to the Sun (near perihelion). Motion is slowest when the planet is
farthest from the Sun at aphelion.

dA = 1kd
_E r

1 P
j dA = -k j dt
orbital ellips 2 0

mab = ma?y1 — e?
1
a’J1—e? = S kP

k= /G(my +my)a (1 —e?)
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Pt = G(mi+my) a (6)

Kepler’s Third Law is derived from newton’s law “The ratio of the cubes of the semimajor axes of
the orbits of two planets is equal to the ratio of the squares of their orbital periods.” Kepler’s Third
La describe that the squares of the sidereal periods (P) of the planets are directly proportional to the
cubes of their means distance (d) from the sun. Equation Kepler’s law can be described below,
Starting with Newton’s laws F = m. a. (F) is a force (m) is a mass, and (a) is a acceleration

GMm

_ (xm)?
 GM

T? ~13 (7)

The solar system is an arrangement. The other things consist of the Sun as a centre of the solar
system, planets, comets, meteoroids, and the asteroid around the sun.

Table 2. Average orbital velocity of planets in the solar system
Planet Average Orbital Speed (km/s)

Mercury 48
Venus 35
Earth 30
Mars 24

Jupiter 13
Saturn 9.7
Uranus 6.8
Neptune 5.4

Table 2 shows that the planet is close to the Sun, moving faster than the planet far from the sun.
The field of planetary circulation in the circle of the sun is called the field, and the earth's inner plane
circling the Sun is called the ecliptic field. Order the Solar System consists of Sun, Inner Planet, Outer
Planets, Comets, Meteoroids, and Asteroids. The sun has a definition as a star in the form of a ball of
gas. Heat and luminosity that is the center of the solar system. The energy and heat of the sun make
life on Earth because without that would be no life on Earth.

A planet has a definition of a celestial body that cannot emit its own light. His light of a planet
only reflects the light receives from the stars. The inner planet is also called the terrestrial planet.
Terrestrial planets are a planet close to the Sun, small, has few satellites or not at all, rocky, terrestrial,
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partly consisting of fire-resistant minerals, such as silicates that form its crust and mantle, and metals
such as iron and nickel form the point. In addition, the inner planet also has an atmosphere large
enough to produce weather, craters, and tectonic surface features like valleys of cracks and volcanoes.
The inner planets consist of Mercury, Venus, Earth, and Mars.

Figure 3. Inner planets (Mercury, Venus, Earth, and Mars)

The outer planet is also called the planet Jovian. Jovian planet is a planet it is far from the Sun, it
has many satellites, and some it's made up of light materials. Like hydrogen, helium, methane, and
ammonia. The inner and outer planets are separated by the asteroid belt. The outer planets are made
up of Jupiter, Saturn, Uranus, and Neptune [19].

Jupiter

Neptune

Uranus

Figure 4. Outer planets

3. Results and Discussion

There are several results found in the research conducted in this elementary school, namely
Elementary School Semboro 04. After conducting such research, it is known that the use of
Augmented Reality (AR) learning media is suitable for use in the teaching and learning process,
especially in the delivery of materials related to the solar system. This is evidenced by the increasing
level of understanding of students regarding the material of the solar system. In addition, the use of
arloopa-assisted augmented reality (AR) learning media can increase students' curiosity to increase
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students’ critical thinking skills by being shown their activeness in asking questions in the material.
This provides evidence that arloopa applications are effectively used in learning activities.

Students' pre-test and post-test value data in the application of Augmented Reality learning media
were analyzed using independent sample t-tests on SPSS. The results of the comparison of pre-test
values of control classes and normally distributed experiments show that the class is homogeneous.
Homogeneity tests are used to test whether a data model is homogeneous or not. If the data is
homogeneous, then the research data can be done at a later stage, while if the data is not
homogeneous, it is necessary to make methodological corrections. The next step is to perform the
analysis using statistical software (SPSS). In Table 3, it can be seen that the results of students' pre-
test scores show significant grades in both control classes and experimental classes.

Table 3. Pre-test and average grades of control classes and experiments
Group Statistic

Score Class N Mean Std. Deviation  Std. Error Mean
Control 28 46.6071 12.32684 2.32955
Experiment 28 485714 11.20988 2.11847

From the data, it can be known that the value of significance in this study is 39.5% or 0.395.
Significant value provides the key information needed to be analyzed and to conclude from the data
results. The average pre-test value obtained for the control class was 46.60 with a standard deviation
of 12.32 while the average pre-test value for the experimental class was 48.57 with a standard
deviation of 11.20. From these data, we can see that there are similar values in the average pre-test
value and there is no significance between the control class and the experiment on standard deviation.

Table 4. NS comparison of pre-test results and average grades of control classes and experimental
classes

Independent Samples Test

Levene’s Test for Equality of Variances t-test for Equality of Means
F  Sig. t df Sig (2- Means Std, Error 95% Confidence
tailed) Difference  Difference Interval  of  the
Difference
Lower Upper
Score Equal 734 .395 -.624 54 535 -1.96429 3.14877 -8.27718 4.34861
variances
assumed
Equal .000 53.520 .535 -1.96429 3.14877 -8.27848  4.34991

variances
not assumed

From Table 4, it can be found that the results of pre-test in the control class and experiments are
analyzed using SPSS software. Based on the results of the t-test shows a significance value (2-tailed)
of 1,000 with a significance value criteria of 0.05. Since the criteria for homogeneity, the value of sig
(2-tailed) is greater than the significant value, it can be concluded that the data between the control
class and the experiment is homogeneous.

The collection of post-test results of both classes was also analyzed using SPSS software.
Comparisons of post-test results of control classes and experimental classes can be seen in Table 5.
The average value of the control class was 72.3214 with a standard deviation of 10.45291 while the
average value of the experimental class was 90.1429 with a standard deviation of 6.89452. Data in
Table 6, the t value on Levene's Test score of 0.009 with a p-value of < 0.005 indicates that there is a
significant value between the two classes.
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Table 5. The table displays post-test results and the average grades of control classes and
experimental classes

Group Statistic
Score Class N Mean Std. Deviation Std. Error Mean
Control 28 72.3214 10.45291 1.97541
Experiment 28 90.1429 6.89451 1.30294

Table 6. Comparison of post-test results and average grades of control classes and experimental
classes

Independent Samples Test

Levene’s Test for Equality of Variances t-test for Equality of Means
. 95% Confidence
Foosg ot dt GRS iffrence  Difference Interval of the
Difference
Lower Upper
Equal
variances 7.412 .009 -7.531 54 .000 -17.82143 2.36641 -22.56580 -13.07705
assumed
Score Equal
"arr']"’c‘)rt‘ces 7531 46754 000 -17.82143 2.36641 2258270  13.06016
assumed

Data in Table 5 and 6 also presents an independent sample t-test result that shows a significant
value of 0.000 (p 0.05). From the results of data analysis using SPSS, it can be concluded that the two
classes have differences in the results of critical thinking ability tests after the treatment of the
application of Augmented Reality learning media in the learning process in solar system materials.
Student activity in the experimental class was observed by three observers with a scale of student
activity Likert divided into five categories, namely excellent (score 5), good (score 4), moderate
(score 3), enough (score 2), and bad (score 1). The results of the student's activity in the control class
are described in Figure 3, and the results of the experimental class are shown in Figure 5.

Interpretation Analysis Evaluation Interference  Explanation Self-regulation
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=
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M Excellent ™ Good Average Fair ® Poor

Figure 5. Students’ activity results about critical thinking in control classes
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Figure 6. Students’ activity results about critical thinking in experimental classes

Based on the data in Figure 5 and Figure 6, using the predefined Likert scale, we can calculate the
average score of student activity for each class. We make it per indicator of critical thinking to see
which parts students master and which parts are less mastered.

A Technique for students to think critically and creatively in responding to problems using the
information provided with HOT. In addition, students should be required to study acting in the
learning process. Hot skills that students have can be seen in their learning results. The average grade
of student learning outcomes is used to find out the improvement in learning outcomes with using
augmented reality learning media [18].

A variation of Virtual Environments (VE), or Virtual Reality, is a definition of Augmented
Reality (AR). In industrial technologies, VE completely immerses a user inside a synthetic
environment. In this learning media that a user cannot see the real world around him. In Augmented
Reality, the user can see the real world from a virtual object, with virtual objects superimposed upon
or composited with the real world. Augmented Reality (AR) supplements reality with virtual objects
superimposed upon or composited with the real world. Therefore, AR supplements reality rather than
completely replacing it. Ideally, it would appear to the user that the virtual and real objects coexisted
in the same space [20].

Augmented Reality (AR) is a combination of the virtual world and the real world created by a
computer [3]. In general, augmented reality is a combination of virtual objects with real objects to be
able to interact in real time in the form of a 3D display [14]. The advantages of augmented reality are
as follows: 1) More interactive, 2) Effective in use, 3) Can be widely implemented in various media,
4) Simple object modelling, as it displays only a few objects, 5) Creation that does not cost too much,
6) Easy to operate [21].

Augmented Reality (AR) allows users to see the real world and the virtual world at the same time.
One of the current AR development companies is ARLOOPA inc. The company creates an
application called ARLOOPA that can be used on both Android and iOS software [22]. This
application can make it easier for students to develop skills and make observations and also can
increase student curiosity because not only with verbalism but also raised visually so that students can
easily understand.

Data collection activities were carried out between the first week to the fourth week of October
2021. The respondents in this study consisted of students spread over a location, namely, Elementary
School Semboro 04. The learning media used is Augmented Reality (AR), with applications used in
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the form of ARLOOPA, which is an intuitive platform designed to be able to feel augmented reality
media easily for the delivery of solar system materials. The following is a display of material for the
solar system in the ARLOOPA application.

In the implementation of learning, researchers use quasi-experimental research methods (pseudo-
experiments). Quasi-experimental research is a study that uses all subjects in the study group (intact
group) to be treated (treatment) instead of using randomly taken subjects [22]. Problems related to the
validity of the experiment, both internal and external validity, may arise due to the absence of
randomization in determining the subject of the study. To avoid this problem, researchers used a
purely experimental design, the Pre-test-Post-test Control Design. The learning steps taken in this
study are shown in Table 7.

Table 7. Learning steps used

No Learning Steps

1.  Students take pre-test tests to find out the student's understanding, both in control
classes and experimental classes
2. After the pre-test, students listen to the teacher's explanation of solar system materials by lecture method
using PowerPoint (PPT) media in control classes and use ARLOOPA learning media in experimental
classes.
Students make observations using the ARLOOPA learning media in experimental classes.
4.  Students conduct a written post-test to find out students' learning outcomes and students' critical thinking
communication skills.

w

In learning, critical thinking skills are an ability that must be owned and mastered by students
because it aims so that every student can do decision-making and problem-solving (conclusions) from
various aspects and points of view. In addition, the ability to think critically is also an important
intellectual capital owned by students when dealing with problems in everyday life. The study
evaluated students’ critical thinking skills using the ARLOOPA learning media.

Based on the t-test, it can be known that in the pre-test values of the two classes there is no
significant or homogeneous difference. After being given the treatment of augmented reality learning
media in solar system materials, the post-test values of both classes experienced a significant
difference with a Sig.2-Tailed value of 0.000. This suggests that the ability to think critically of
experimental classes is better than that of control classes. Based on six indicators of critical thinking,
namely interpretation, analysis, evaluation, inference, explanation, and self-regulation, an assessment
is carried out to look at student activities. In the interpretation indicator, 12 children received a
maximum score of 5 in an experimental class. From the data, it is seen that students in the
experimental class can already choose the required information well. In the analysis indicator, 10
children get a maximum score of 5.

From this, students can say that students in the experimental class have been able to analyze pluto
and dwarf planets, although there are still 3 students who experience difficulties and score low.
Similar to the inference indicator, the number of winners of a maximum score of 5 experimental class
activities is still higher than the control class, which is as many as 10. This value shows that students
in the experimental class have been able to connect between the outer and inner planets. In the
explanation indicator, 14 children scored a maximum of 5 in experimental classes. Then on the self-
regulation indicator, experimental class students tended to have higher scores than control classes
with many winners of a maximum score of 5 as many as 9 children in the experimental class. While
on the self-regulation indicator, the control class has a maximum value of 5 only as many as 2
children.

A kind of thinking skill oriented to Critical thinking and creative thinking related to Higher order
thinking skills is Critical Thinking [23]. Critical thinking skills enable students to process information
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logically and prepare for self-study [14]. In addition, Supeno [24] revealed that critical thinking can
train students to think logically and it is not easy to receive information directly. Students who have
critical thinking skills can determine the information that is important, relevant, and useful. Explains
that critical thinking is a purposeful and clear process. That skill used in mental activities such as
making decisions, solving problems, analyzing assumptions, persuading, and conducting scientific
research [25]. Indicators of critical thinking skills put forward by Facione [26] are interpretation,
analysis, evaluation, inference, explanation, and self-regulation.

Table 8. Indicators of Critical Thinking Ability

Critical thinking Definition Sub-indicator
indicators
Interpretation Ability to understand and interpret a. Group
the meaning of a problem b. Make meaning
c. Clear meaning
Analysis Ability to investigate or identify a. Testing ideas
links between statements, data facts, b. Recognize arguments
and concepts and be able to infer c. Recognize the reason
them d. Recognize the guestion
Evaluation The ability to assess the credibility a. Assess the quality of questions
of a statement or representation and b. Assess the quality of arguments made

access relationships of statements, with inductive and deductive
data, facts, concepts, or other forms considerations
c. Create and determine the results of
considerations

Inference Ability to obtain and identify a. Stating evidence
concepts or elements in drawing b. Draw conclusions
conclusions

Explanation Ability to provide arguments and a. State the results

establish them logically based on
data or facts obtained

Self-Regulation The ability to monitor itself in
applying, analyzing, and evaluating
the results of previous thinking in
solving a problem

. Supports procedures
. Presenting arguments
. Self-monitoring

. Self-improvement

o0 oo

4. Conclusion

Based on the four problem formulations that researchers want to answer from this study and the
analysis of research data, the following conclusions were found: 1) the use of Augmented Reality
(AR) learning media is suitable for use in the teaching and learning process, especially in the delivery
of material related to the solar system, 2) some of the obstacles in using augmented reality (AR)
learning media, namely the lack of student understanding regarding Augmented Reality (AR), so that
students find difficulties in using it, 3) the ARLOOPA application is effectively used as a media for
delivering material, especially the solar system, because students can see the material actually, 4) with
the ARLOOPA application, it can increase students' curiosity to improve students' critical thinking
skills by showing their activeness in asking questions in the material.
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