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Abstract. The purpose of this study was to test the effectiveness of the Visual, Auditory, Reading Writing,
and Kinesthetic (VARK) learning model assisted by augmented reality (AR) on problem-solving. Learning
models that can facilitate students' diverse learning styles are very much needed and are combined with
augmented reality as part of the development of technology that is interesting for students so that student
problem solving. Problem solving increases as one of the high-level thinking skills that are very important for
students to have. The formulation of the problem in this study is whether the VARK learning model assisted
by AR is effective on the problem-solving of elementary school students? This study uses quantitative
research with a quasi-experimental design consisting of a control group and an experimental group. The data
collection technique used is a problem-solving test. The study was conducted at an elementary school in
Central Java Province. Data analysis used in the form of normality tests, homogeneity tests, independent t-
tests, and paired t-tests. The results of the study indicate that the VARK learning model assisted by AR is
effective, as shown by the results of the independent t-test, which obtained a significance value of 0.00 less
than 0.05 and the results of the paired sample T-Test stated a sig value = 0.000 <0.05, meaning that students
who take part in learning with the VARK model assisted by AR are better than students who receive
conventional learning and problem-solving can increase

Keywords: VARK learning model (Visual, Auditory, Reading writing, and Kinesthetic); Augmented Reality
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INTRODUCTION

Problem solving is a high-level thinking ability that has a very important role. Problem solving is not only a valuable
competence, but also an approach to achieving other goals besides also having the potential to obtain important
reasoning and improve understanding [1]. This ability is so important that in the world of education, learning
objectives are directed to achieve problem-solving skills for all lessons that have been applied in the curriculum
through designed basic competencies. However, it is still found among students, problem-solving skills are still low.
It can be seen when students face a problem in the form of a problem, they give up first. Don't want to try and make
an effort. For example, some are willing to try to solve it, but the solution obtained is not right. This phenomenon is a
challenge on how to improve and increasing students' problem-solving skills. Therefore, learning is needed that
facilitate it. In the classroom, of course, one student with another student has different characteristics including their
learning style [2]. So in the current independent curriculum, there is differentiated learning which adapts to the
characteristics of students related to learning styles, cognitive styles and others. Therefore, a learning model is needed
that can facilitate students' learning styles because if there is a match between students' learning styles and how to
educate and teach, it will help motivate the students' learning process. [3].
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VARK contains learning styles in the form of visual, auditory, reading writing, and kinesthetic. Learning style is a
tendency possessed by each student to adapt to certain learning strategies in learning as a form of responsibility to
obtain a learning approach that is in accordance with learning demands. Each individual has their own learning style,
this is what forms the character of the individual related to the methods that can be carried out in their respective
learning processes. The VARK model is a new alternative model that is modified by utilizing student modalities [2].
This means that learning is carried out by considering the learning styles possessed by each student. VARK learning
consists of 4 main categories, namely visual learning, which is learning in which there are ideas or concepts and
information that can be presented in the form of images or techniques. Students who have a visual learning pattern
are able to receive information if it is presented in the form of images, Auditory learning, which is learning using
hearing, auditory learning is very dependent on hearing or speech heard by students during the learning process.
Auditory learning requires listening to speech in order to understand better, but on the other hand students will have
more difficulty understanding if they receive written instructions, and read/write learning is learning in which
someone tends to read or write anything they hear or get from the surrounding environment and kinesthetic learning,
which is learning where students do student activities in order to understand the material being taught. Students with
kinesthetic learning abilities usually learn by practicing.

VARK is not only an inventory to find out the characteristics of learners, but it can also help students and teachers in
choosing learning strategies and evaluation processes that are by student characteristics. With knowledge of student
learning styles, it will be a reference for teachers to provide services to students according to their learning styles, so
that by implementing learning by taking into account student learning styles or characteristics, it can improve
students' ability to receive the material taught by the teacher [2]. The VARK model allows educators to identify how
students prefer to learn and process information, and this can assist in designing learning experiences that are tailored
to students' learning needs.[4][5].

The VARK model is a teaching model that uses a multi-sensory learning style that involves four elements of learning
styles, namely vision, hearing, reading, and movement. This multi-sensory learning style suggests that teachers
should not only encourage students to use one modality, but also try to combine all of these modalities to provide
greater abilities and cover the shortcomings of each. This model is one of the strategies that is suitable for application
in mathematics learning, because it can arouse imagination and strong motivation in learning mathematics. The
magnitude of the students' positive arousal and motivation results in increased activities in learning mathematics and
achievement. [6].

One of the technological developments that is currently trending is augmented reality (AR). AR that currently exists
is also developing along with the development of today's technology, allowing the combination of the digital world
and the real world [7]. AR is a technology that combines computer-generated digital content directly with the real
environment. This technology is very suitable for use in learning because it is able to present a real representation of a
phenomenon, so that the learning process which is usually monotonous can become more interesting and
interactive.[8]. AR can also display multimedia content via laptops, smartphones, PCs, or other devices. AR is widely
used in education, health, retail, industry, entertainment, games, and advertising. In the field of education, AR, if
applied correctly, is considered to have advantages as a learning medium [9].

AR technology is one of the breakthroughs used lately in the field of learning. The use of this technology will be very
helpful in conveying information to users. [10]. AR technology is one of the digital technologies that has the potential
to be developed and applied in education. The ability of AR to display detailed visualizations and is supported by 3D
animation, makes AR technology suitable for use in developing learning media. AR can be used by teachers to
explain material in more detail and visually to improve students' understanding of the material presented [11].

AR technology is one of the digital technologies that has the potential to be developed and applied in education. The
ability of AR to display detailed visualizations and is supported by 3D animation, makes AR technology suitable for
use in developing learning media. AR can be used by teachers to explain material in more detail and visually to
improve students' understanding of the material presented [12]. AR can stimulate the development of students'
thinking patterns and make it easier for students to understand an abstract concept, this is because AR can visualize
abstract concepts for understanding. Because one of the characteristics of good learning media is to help students
understand the learning process [13].

AR is very suitable for use because it is by the current era, namely, using Android. [14]. Learning media becomes
more interesting and more concise, although it does not reduce the essence of the material if using AR.[15]. Teachers
must make innovations in learning, namely changing conventional learning methods to digital, one of which is by
updating the teaching materials used to become AR based teaching materials)[16]. In line with the development of
science and technology, especially in the field of education, the use of learning media is becoming increasingly
diverse and interactive, as is currently popular, namely by utilizing AR technology [17]. One of the competencies that
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teachers must have is utilizing information and communication technology to communicate and develop themselves,
so teachers are required to be able to develop creative and innovative teaching materials and apply them to learning in
schools, one of which is with AR [13].

Based on interviews with teachers of SDN Bintoro 01 Demak and SDN 5 Tlogomulyo Semarang, it was found that
the problem-solving of students are still low. The learning that has been carried out so far has not considered students'
learning styles. As a result, learning is not interesting, and student learning outcomes are not optimal. Student
learning achievement is also still relatively low. There are still many students who have not met the KKM. Students
still have difficulty understanding the mathematical material. Abstract mathematics requires concrete learning media
to make it easier to convey to students. From the identification of problems obtained where the learning that has taken
place has not facilitated the learning styles of each student and the learning media used are still conventional, so that
learning is not interesting for students and finally the learning outcomes in the form of students' problem-solving
abilities are still low, so there needs to be a solution to solve this problem. Alternative learning is needed that pays
attention to and facilitates students' learning styles and learning media that can improve students' problem-solving
abilities. The VARK model and AR are assumed to be the solution to overcome this. Thus, a study will be carried out
with the title VARK learning model assisted by AR on the problem-solving of Elementary School students.

The formulation of the problem in this study is whether the VARK learning model assisted by AR is effective for
students' problem-solving. The purpose of this study is to test the effectiveness of the VARK learning model assisted
by AR on elementary school students' problem-solving. This study has a state-of-the-art and novelty related to the
VARK model and AR. Many previous studies have examined VAK alone, the R element is additional and new. There
has been previous research on VARK, but for critical thinking ability variables, such as research by Karimah [3]. In
addition, research related to VARK in the form of learning media [4], and in the form of an approach [7]. The
difference with previous studies where in this study the treatment given is a VARK learning model with the help of
AR with the steps, namely the teacher conveys learning objectives, the teacher conveys apperception, the teacher
gives a diagnostic test as a detection of visual, auditory, reading writing, or Kinesthetic learning styles. The teacher
divides the class into several groups based on learning styles, the teacher prepares AR based on the VARK learning
style, groups of students study the material according to the teacher's instructions based on the Visual, Auditory, Read
write and Kinesthetic groups, the teacher provides worksheets in groups based on visual, auditory, reading writing, or
kinesthetic learning styles, students present the results of their work in front of the class, then the teacher confirms
and appreciates, and students together with the teacher draw up learning conclusions.

METHOD

The type of research used is Quasi-experimental [2] to test the influence and differences between the two groups,
namely the experimental and control groups. Two sample classes are needed for the research design. The
experimental class will receive treatment, while the control class will not receive treatment. The design used is a
pretest-posttest only control design where the pretest is given to the experimental group while the posttest is given
after treatment. The experimental group is given treatment in the form of a VARK learning model assisted by AR,
while the control group uses conventional learning [3]. The population in this study were fifth grade students of SDN
Bintoro 01 in Demak and SDN Tlogomulyo Semarang. The sample was divided into two groups, namely the
experimental group with VARK learning model assisted by AR and the control group with conventional learning and
with the sampling technique being cluster random sampling. This study used a data collection technique in the form
of a problem-solving test. Before the test instrument was used, the study would conduct a trial of the instrument to
determine its validity, reliability, discrimination power and level of difficulty. The type of test used was descriptive
questions. The data analysis techniques used were normality test, homogeneity test, independent t-test, and paired t-
test.

RESULTS

The results of the normality test to test whether the data is normally distributed or not using SPSS can be seen in the
Shapiro Wilk column with the results of sig > 0.05 in the class with VARK learning model assisted by AR sig =
0.085 and data in the control class 0.231 which shows the data is normally distributed. The data in the class with
VARK learning model assisted by AR and the control class are both normally distributed. This is in accordance with
the criteria if the sig value <5% then Ho is rejected [8]. The explanation is in table 1 below.

Tabel 1. Normality test

Shapiro-Wilk
Class Statistic ~ Df Sig.
Problem Solving ~ Experiment .930 25 .085
Control
.948 25 231
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The results of the homogeneity test which aims to test whether the data in both groups, both the control and
experimental classes, have the same level of variation or not, obtained results as in table 2 below.

Tabel 2. Homogeneity test
Levene Statistic  Df1 Dfl Sig.

8.414 1 48 .006

From table 2 above, it shows the results of the homogeneity test analysis with the Levene test, a significance value of
0.006 was obtained, which is greater than 0.05, meaning that the variance in the experimental class and control class
is the same or homogeneous. The results of the independent t-test to test the differences between the two groups,
namely the differences between the group with the AR-assisted VARK learning model and the conventional learning
model, obtained the results as in Table 3 below..

Tabel 3. Independent Sample T-Test

. . Mean Std Error

Result t df Sid. (2-tailed) Difference Difference
Equal variences assumed 13.220 48 .000 35.600 2.692
Equal variences not assumed 13.220 37.62 .000 35.600 2.692

Based on Table 3 presented, the significance value (sig 2-tailed) obtained through the t-test is 0.000. Because this
probability value is less than 0.05, the null hypothesis (Ho) is rejected. This shows that there is a significant
difference in problem-solving between students in the experimental class and the control class. Thus, we can
conclude that students who follow learning with the VARK model assisted by AR show better performance compared
to students who receive conventional learning. The results of the paired simple t-test, which were intended to
determine the differences in problem solving in the class using the AR-assisted VARK model before and after
treatment, obtained the results as per Table 4 below.

Tabel 4. Paired Sample T-test

Std Std Error Sig. (2-
_ Posttest Mean Deviation Mean t df tailed)
Pair 1
Experiment  -35.600 14.166 2833 -12.565 24 .000

Based on table 4 above, the sig. value (2-tailed) 0.000 < 0.05 means there is a difference between the average value
before and after learning using the AR-assisted VARK learning model. This shows that there is an influence of the
AR-assisted VARK learning model on student problem solving.

DISCUSSION

Based on the research results obtained, it can answer the research objectives related to the effectiveness of using the
VARK learning model assisted by AR on the problem-solving of fifth-grade students. The learning process is carried
out according to the stages of the VARK model, which is designed to support students' learning styles. The results of
the study showed that students who took part in learning with the VARK model assisted by AR had good problem-
solving, meaning that the VARK model assisted by AR was effective on students' problem-solving, as shown by the
results of the independent t-test and paired sample t-test in the experimental class using the VARK learning model
assisted by AR. In addition, it is also reinforced by significant differences in the indicators of students' problem-
solving, as shown in the following graph.
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Figure 1. Achievement of students' problem solving indicators

It can be seen that the posttest results of students in the class with VARK learning model assisted by AR showed that

their problem-solving increased significantly. This is reflected in the much higher average posttest score. This
increase reflects the influence of the VARK learning model assisted by AR that supports various student learning
styles. Where does the student's learning style fit in this learning model? It can be seen in the visual learning style
with video-based learning, in the auditory learning style it is facilitated with sound in the form of recordings or audio
media, while in the read-write learning style where students prefer reading or writing are facilitated with narrative or
story media and students with a kinesthetic learning style are facilitated with projects. In learning using the VARK
model assisted by AR, student involvement in the teaching and learning process is increasing. Students who were
initially not very confident in solving problem-solving questions become more motivated and enthusiastic to
participate. This learning model provides a more enjoyable learning experience, allowing students not only to
understand the material but also to apply mathematical concepts in the context of problem solving. Therefore, the use
of the VARK learning model assisted by AR can be an alternative because it has an effect on improving students'
problem-solving.

N
Figure 2. VARK learning model assisted by AR

Learning with the VARK model assisted by AR has learning steps, such as in the initial activities in the form of
preparation by determining objectives, preparing materials and media according to learning styles. In this activity,
groups are divided based on student learning styles where in the visual learning style, using images and videos, in the
auditory learning style, explaining with discussions and voice recordings, in the read/write learning style, providing
reading notes, and in the kinesthetic learning style using props or games. In the final learning activity, an evaluation
activity is carried out where the teacher gives interactive quizzes and feedback reflections. Students are introduced to
learning content through interesting interactive media such as quizzes, games, and exercises created with learning
applications. This learning model provides a more enjoyable learning experience and helps students understand the
material according to their respective learning preferences. For example, displaying images and diagrams will greatly
help students with a visual learning style, while auditory students can better understand concepts through the audio
explanations provided. As a result, students are more enthusiastic and participate more actively in the learning
process. They not only focus on participating in activities, but they also show courage in asking questions and
discussing with their friends. The classroom atmosphere becomes more dynamic and interactive. Even students who
are usually less confident or reluctant become motivated when completing the tasks given. This approach not only
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increases student engagement in the teaching-learning process but also helps them understand mathematical concepts
more deeply and enjoyably.

This is consistent with previous research, which shows that learning style-based learning (VARK) assisted by AR can
significantly improve students' conceptual understanding [4]. This study concluded that adjusting learning to students'
learning preferences increases their active class participation and makes it easier for them to absorb content. This
finding, which shows that the use of interactive media in technology-based application learning is proven to produce
a more interesting and effective learning experience. Interactive media can be used to help students understand
abstract concepts, such as mathematics, more easily and in a way that suits their learning style, to then be used in
solving mathematical problems. Therefore, the application of the VARK learning model in this study is not only
relevant but also provides results that are in line with positive trends in the world of education and differentiated
learning. In learning with conventional methods, students tend to be passive because learning is dominated by lecture
methods without varied activities. The test results show a significance value (sig. 2-tailed) of 0.000, less than 0.05.
This shows a significant difference between students' mathematical problem-solving in the experimental class using
the VARK model assisted by AR compared to the control class using conventional methods.

The test results for the class with VARK learning model assisted by AR showed a significance value (sig. 2-tailed) of
0.000. This indicates that there is a significant increase in students' problem-solving before and after being given
treatment using the VARK learning model assisted by AR. This increase in mathematical problem-solving abilities is
in line with the theory of constructivism, which emphasizes that learning that involves real experiences and active
student interaction can improve understanding and critical thinking skills. In learning with conventional methods,
students tend to be passive because learning is dominated by lecture methods without varied activities. The average
pretest and posttest scores show that students in the control class experienced lower improvements than students in
the class with VARK learning model assisted by AR.

Based on the graph above, it can be seen that the increase in learning outcomes in the experimental class is much
more significant than in the control class. This shows that the use of the VARK learning model assisted by AR can
significantly improve student learning outcomes compared to conventional methods. The learning atmosphere in the
experimental class is more active and interactive. The students seemed enthusiastic about the idea of combining the
VARK learning model assisted by AR, and they are actively involved in the learning process. The diversity of student
activities, including discussions, active movements, and the use of visual media and technology, shows that this
method can attract students' attention while increasing their participation in learning. This dynamic teaching
atmosphere reflects the success of the approach used in experimental teaching in creating a more comfortable and
effective learning environment. In contrast to the experimental class, the atmosphere in the control class seemed more
monotonous. Student activities are usually limited to traditional learning methods that do not include different
learning styles. Compared to the experimental class, students seemed more passive and less actively involved. This
shows that traditional learning methods have limited ability to attract students' attention, making it difficult to create
an interactive and enjoyable learning environment. Therefore, this difference further supports that the experiential
teaching method provides students with a more interesting learning experience.

This is in line with research, which states that the application of the VARK learning model assisted by AR can
significantly improve student learning outcomes [7]. In addition, this research is also in line with research that
emphasizes the importance of interactive media to support learning models based on students' learning styles [6]. So
it can be concluded that the results of this study indicate that the VARK learning model assisted by AR is effective
for students' problem solving abilities. This learning model allows students to learn according to their learning style,
improves understanding, and motivates students to be more active in the learning process. Thus, this learning model
is recommended as an innovative alternative in learning mathematics in elementary schools.

CONCLUSION

The VARK learning model assisted by AR applied is a learning that contains various student learning styles
consisting of visual, auditory, read write and kinesthetic which are combined with the use of AR which is packaged
very attractively so that learning in the classroom is more enjoyable. The VARK learning model assisted by AR has
proven to be effective in student problem solving. This is based on the results of the independent t-test which shows a
difference in problem solving between the experimental class and the control class. Therefore, the AVARK learning
model assisted by AR is recommended to be applied in elementary school learning, of course, thorough preparation is
needed because this learning model accommodates various learning styles and this is a challenge for teachers. In
addition, problem solving can be improved with the VARK learning model assisted by AR.
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