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This study describes the effectiveness of STEAM-based augmented reality (AR) 
learning media in natural science learning in elementary schools. This research 
used an experimental method. Six schools were involved as the subjects of this 
research, which was consisted of 3 elementary schools for experimental classes 
(60 students) and three elementary schools for control classes (60 students). 
The teachers involved were the 6th grader teachers. The data collection 
technique used 30 multiple choices questions for the students. The study results 
concluded that STEAM-based augmented reality effectively improved the 
quality of natural science learning in elementary schools. The t-test calculation 
results utilizing SPSS obtained t-count of 2.874 > t-table of 1.980 (df-2= 122-2= 
120). The normalized gain results showed a significant increase before and after 
using STEAM-based augmented reality media in natural science learning in 
elementary schools, which was 0.72 included in the high category. This research 
implies that research helps teachers optimize the use of media and teaching 
approaches. One of them is the use of STEAM with augmented reality media. 
 
Abstrak 
 
Tujuan penelitian ini adalah mendeskripsikan keefektifan media 
pembelajaran augmented reality (AR) berbasis STEAM dalam pembelajaran 
IPA di sekolah dasar. Penelitian ini menggunakan metode eksperimen. Subjek 
penelitian yang dilibatkan yaitu 6 sekolah dasar yang terdiri dari 3 sekolah 
dasar untuk kelas eksperimen (60 siswa) dan 3 sekolah dasar untuk kelas 
control (62 siswa). Jumlah guru yang terlibat yaitu 6 guru ke  las. Teknik 
pengumpulan data menggunakan tes soal pilihan ganda berjumlah 30 soal  
untuk siswa. Hasil penelitian dapat disimpulkan bahwa augmented reality 
berbasis STEAM efektif untuk meningkatkan kualitas pembelajaran IPA di 
SD. Hasil perhitungan uji-t menggunakan SPSS didapatkan t-tabel sebesar 
2,874 > dari t table 1,980 (df-2= 122-2= 120). Hasil normalized gain 
menunjukkan adanya peningkatan yang signifikan sebelum dan sesudah 
menggunakan media augmented reality berbasis STEAM pada pembelajaran 
IPA di SD yaitu 0,72 yang termasuk dalam kategori tinggi. Penelitian ini 
memberikan implikasi bahwa hasil penelitian dapat menjadi masukan kepada 
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guru untuk mengoptimalkan media dan pendekatan pembelajaran, salah 
satunya penggunaaan pendekatan STEAM dengan media augmented reality. 
 

INTRODUCTION 

Students often found obstacles in understanding abstract concepts in each natural science 

material (Palmer, 1999). In this case, natural science learning supported by technology is more 

effective than natural science learning conventional classes. Technological support encourages 

students to learn factual knowledge in natural science courses (Rehmat & Bailey, 2014). The use of 

virtual technology makes it easier for students to improve understanding because it can present 

abstract concepts (Arvanitis et al., 2009). More specifically, Augmented Reality (AR) technology can 

visualize three dimensions, facilitate reality, and provide students with an understanding of complex 

material (P. H. Wu et al., 2018). 

Multimedia programs and multimedia learning environments can increase the type of 

information students have access to and active participation (Lloret, M., Aguilar, E., & Lloret, 2009). 

The increased availability, sophistication, and use of these tools can make it easier for teachers to 

accomplish efficient and effective learning under the learning objectives. Utilizing multimedia in 

learning allows students to increase learning activities, learning outcomes, and skills required in the 

21st century (Morris & Lambe, 2017). In addition, interactive multimedia presents material by 

combining several modes to make the media more effective, efficient, and interesting for students. 

Learning by using multimedia is more fun and can help students achieve optimal learning outcomes. 

Based on the research results, interactive multimedia in learning natural sciences could facilitate 

problem-solving ability (Rajendra & Sudana, 2018). 

Moreover, technological developments have led to new technologies in learning, namely 

reality, as a tool for teacher’s teaching and innovative researchers in Universities (Tekedere & Göker, 

2016). The convenience provided in augmented reality is able to visualize a combination of natural 

and virtual environments interestingly. It makes the display more interactive in real-time and 

integrated with the three-dimensional display (Azuma, 1997; Ozdemir et al., 2018; Tekedere & 

Göker, 2016). The seamless integration of digital information with the real-world environment 

makes the boundary between the two very thin. One experience provided by augmented reality is the 

interaction of virtual objects directly for the user, providing the most natural and authentic human-

computer interaction experience (S Cai et al., 2014). Thus, AR can be an attractive technology choice 

for interactive multimedia in natural science learning by elementary school teachers, ensuring 

learning by doing and learning based on experience. Thus, AR can be an attractive technology choice 

for interactive multimedia in natural science learning by elementary school teachers under natural 

science learning characteristics that provide opportunities for experimentation. The use of AR 

technology in the learning process also facilitates students to construct knowledge independently. 

Students can organize their learning process according to their wishes and manipulate objects that 

are not in the environment but appear to be real around them by being enlarged to gain 

understanding and knowledge (Wang, 2012). Augmented reality can also be a solution for learning 

in areas with inadequate signals (Risdianto & Fathurrochman, 2021). 

Students can quickly learn specific concepts through the 3D interaction facilities in AR-based 

interactive multimedia (Martín-Gutiérrez et al., 2010). Besides, in the use of AR-based interactive 

multimedia, especially in science learning, the technology offered provides opportunities for 

students to interact with the physical world virtually without any direct physical contact (Grubert et 

al., 2011). On mobile devices, the application of AR technology creates new types of services and 

applications that can improve the quality of science learning (Joan, 2015). AR-based multimedia is 

also a way to make learning by elementary school teachers more exciting and fun. Moreover, AR 

provides an opportunity to explore the way of teaching more deeply, especially in learning natural 

sciences in elementary school. 
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However, in reality, many teachers have not implemented a teaching approach in science 

learning. The learning is still teacher-centred, where the students do not actively participate in the 

teaching-learning process. The methods used are lecturer, question and answer, and assignment. 

The teachers also often use books and pictures as the media. These all bring an impact on the 

students' common understanding and learning outcomes. 

For this reason, the application of AR in elementary schools requires an appropriate learning 

model in its application, one of which is by applying STEAM-based learning (Science, Technology, 

Engineering, Art, and Mathematics). The STEAM learning model provides knowledge from various 

disciplinary points of view, but students are also directed to apply the knowledge and skills they gain 

(Beswick & Fraser, 2019). STEAM invites students to integrate subjects and correlate them with 

everyday life (Caldis, 2019). According to Permanasari (2016), the definition of STEAM is a learning 

approach that involves several disciplines, covering science, technology, engineering, art, and 

mathematics, integrated into a lesson. This approach makes students closer to the surrounding 

environment because it connects learning in authentic contexts, which will later bridge schools to 

prepare students to thrive in work and apply knowledge in society to develop STEAM. Slovacek et al. 

(2019) expressed that developed countries such as the United States have used STEAM to overcome 

problems and challenges that arise in the 21st-century. It certainly does not rule out the possibility 

for developing countries, such as Indonesia, to use STEAM to compete in various aspects in this 

modern era. Also, the STEAM learning process involves several critical skills for 21st-century 

learners: collaboration, creativity, critical thinking, computerization, cultural understanding, and 

independent learning and career. Thus, STEAM is designed to prepare students to face global 

competition by connecting the four aspects: science, technology, engineering, and mathematics. The 

four aspects of STEAM can make knowledge more meaningful if integrated with the learning process. 

It is expected to produce meaningful learning for students by integrating knowledge, concepts, and 

logical skills (Arifin et al., 2020). 

The previous research conducted by Jession et al. (2020) shows that using STEAM with 

augmented reality effectively improves student' activeness. The students find out that learning with 

AR technology is fun and improves their learning experience. This research shows that this kind of 

learning can develop students' ability by case study, managing the team, and interacting with the 

other students to make the teaching-learning holistic and fun. 

Based on the problems above, the researchers analyzed STEAM-based AR's effectiveness. The 

findings of this study are expected to provide STEAM-based AR specifications suitable for 

elementary schools. This research is crucial to be conducted in elementary schools because of 

nowaday's low quality of learning. The learning quality can be improved using an approach and 

innovative teaching media. The STEAM approach is suitable with the elementary students' holistic 

characteristics to understand the problem from many points of view, i.e., various indiscipline. The 

use of AR can facilitate the students with operational concrete thinking to visualize the abstract 

concepts. 

METHODS  

This study used experimental research methods to analyze the effectiveness of STEAM-based 

AR to improve the quality of natural science learning in elementary schools. Six schools were 

involved as the subjects of this research, which was consisted of 3 elementary schools for 

experimental classes (60 students) and three elementary schools for control classes (62 students). 

The teachers involved were the 6th grader teachers. The data collection technique used 30 multiple 

choices questions for the students. The increased learning quality was seen from the comparison test 

of two paired samples, while to see an increase in learning quality, it was seen from the normalized 

gain. The data were then analyzed using the Independent Sample T-test. The acceptance or rejection 

of H0 used the significant value in the Paired Sample T-test table in column t (calculation with SPSS). 
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If the significance value is > 5%, H0 is accepted. The following normalized gain (g) formula was used 

to see how much increase occurred: 

< 𝑔 > =
𝑝𝑜𝑠𝑡𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒𝑠 − 𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒𝑠

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒 − 𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒
 

 

Furthermore, the value of normalized gain (g) obtained was translated according to the criteria 

for obtaining normalized gain (g), as presented in Table 1 below. 

Table 1. Criteria for the Obtained Normalized Gain <g> 
Normalized Gain <g> Criteria 

<g> < 0,3 Low 
0,3 ≤ <g> 0,7 Moderate 

<g> > 0,7 High 

FINDINGS AND DISCUSSION 

Based on the t-test results, STEAM-based augmented reality media effectively improved the 

quality of natural science learning, seen from the learning outcomes before and after utilizing 

STEAM-based augmented reality media. The t-test was carried out with the prerequisite test stages, 

namely the normality test to know whether the data were normally distributed or not and the 

homogeneity test to determine whether the population's variance was homogeneous. The normality 

test results calculated utilizing SPSS revealed that the data were normally distributed, with 0.63. 

Meanwhile, the homogeneity test results of both experimental and control samples were 0.57, so it 

was stated that the two samples had homogeneous variants. Furthermore, the t-test calculation 

results utilizing SPSS obtained a t-count of 2.874 > t-table of 1.980 (df-2 = 122-2 = 120). The t-count 

was higher than the t-table, H0 was rejected, and Ha was accepted. There was a significant difference 

between students who used STEAM-based augmented reality in learning natural sciences (60 

students)  compared to those who did not use STEAM-based augmented reality (62 students). The 

normalized gain results also uncovered a significant increase before and after using STEAM-based 

augmented reality media, 0.72 in the high category. 

In this case, STEAM-based augmented reality is effective in improving the quality of learning. 

According to the study results, augmented reality can simultaneously combine virtual and real 

objects to create quality learning (Saputra et al., 2020). The use of augmented reality can also 

encourage social and cognitive activities, motivation, and critical thinking, emphasizing physical 

movement so that students can be active in learning and teachers can explore new strategies to gain 

learning experiences (Curcio et al., 2016; Herpich et al., 2017; Peterson & Stone Andrew, 2019). In 

addition, previous studies’ results have proven that augmented reality effectively helped students 

achieve conceptual understanding, both abstractly and even complex concepts (Fernandez, 2017).  

Moreover, education in the current era accelerates teachers and students in integrating 

technology to attain 21st-century skills, which is constantly developing quickly. Indonesia has 

responded to this condition by including STEAM education in the 2013 curriculum revision 

(Ishartono et al., 2021). The STEAM approach is applied in learning utilizing augmented reality by 

designing a theme, which covers inter-and transdisciplinary. The activity begins with giving a 

case/problem that allows students to realize a project and find concepts, knowledge, and materials. 

Students then apply knowledge in real life (Herpich et al., 2019). According to Taylor (in Badmus 

Taofeek & Omosewo Esther, 2018), STEAM also allows students to learn from various perspectives 

of interrelated knowledge, such as self-understanding of the culture close to the environment 

students live in, social relationships or interactions, critical thinking development, forward-looking 

or visionary and ethical knowledge, and meaningful experiences to students. STEAM can also 

improve intrapersonal skills, reformulating beliefs, attitudes, and competencies to understand the 

complex world in the scientific realm and the social realm (Bassachs et al., 2020). 
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Further, STEAM is an alternative application of several disciplines combined into learning 

designs, which provide opportunities for students to develop scientific thinking, be creative, and 

conduct experiments in a meaningful way to increase their interest (Conner et al., 2017). Students 

also gain experience to develop the ability to observe through the technology created. In addition, 

students create technology, apply it, and express themselves through art (Prezhdarova & 

Pastarmadzhieva, 2020). 

According to respondents, the users of interactive media need to be used in their learning 

process. It aligns with the study results (Astuti, 2015), which stated that ICT media is very suitable 

for the learning process to increase student motivation. This interactive multimedia obtained by 

making it independently was based on four respondents’ opinions. In addition, another more 

straightforward way by searching on the internet was conveyed by four respondents who chose the 

answer. Regarding this, learning media is an essential part of learning in the classroom. Thus, 

choosing suitable learning media will make learning more exciting and meaningful (Gunawan et al., 

2017). 

In contrast, the selection of inappropriate learning media can also cause learning to be 

monotonous. The choice of learning media can also affect the level of difficulty of the content 

presented to students. Learning media can make complex material easy for students to understand; 

on the other hand, learning media can make simple material difficult for students to understand. 

The excellent and impaired quality of learning can be seen from one factor influencing it: learning 

media. The selection of suitable learning media can affect the success of the learning carried out in 

achieving the learning objectives. For this reason, AR (augmented reality) is a solution to contribute 

to learning objectives. 

AR is an application that provides learning to see from two sides: the merger between the 

digital world and the physical world, which scans barcodes. Thus, children will prefer to play using 

augmented reality because the objects displayed are three-dimensional. AR in learning provides 

many advantages for achieving learning success because it has interesting content, namely a 

multimodal display that motivates students to be actively involved in learning. This display makes it 

easy for students to see abstract material concepts in real terms.  The content in augmented reality 

can be in the form of text, images, videos, and 3D objects to stimulate listening skills, get new 

vocabulary, and other language skills (Glockner, Jannek, Mahn, 2014).  

In addition, AR is a technology that can insert information into the virtual world and display it 

to the real world with the help of computer webcams, cameras, and even special glasses. This study 

reinforces the previous studies’ results that the use of AR could reduce verbalism, which impacted 

students' misunderstandings or multiple interpretations of the material being taught so that it could 

help students improve understanding of the material (Radu, 2014; Yen et al., 2013), improve student 

creativity (Wei et al., 2015), increase student interest and motivation (Su Cai et al., 2017; Delello, 

2014; Martín-Gutiérrez et al., 2010; Nusir et al., 2013; Tomi & Rambli, 2013), and improve student 

performance (Fleck & Simon, 2013; Sin & Zaman, 2010; Thomas et al., 2019; Vilkoniene, 2009; 

Wang, n.d.; Zhang et al., 2014). In addition, concepts that cannot be reached when seen with the 

naked eye can be visualized utilizing augmented reality so that they are suitable to be applied to 

elementary school students who are still in the concrete operational stage. 

Furthermore, the use of augmented reality technology is easy for teachers to operate because 

they use smartphones. Augmented reality integrated with the STEAM approach (Science, 

Technology, Engineering Art & Math) can improve results, and learning activities occur in a playful 

and fun way (Mufidah, 2019). H. K. Wu et al. (2013) emphasized that augmented reality has potential 

applications in the STEAM approach. In line with that, Sirakaya (2018) revealed that augmented 

reality supports learning and the learning process in her research results. Augmented reality can be 

a medium in applying one of the STEAM components, namely the technology component. STEAM 

links five fields of science, namely science, technology, engineering, art, and mathematics. Learning 
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with the STEAM approach is contextual learning, where children will be invited to understand the 

phenomena that occur close to themselves (Yakman & Lee, 2012). Collaboration, cooperation, and 

communication will appear in the learning process because this approach is carried out in groups. 

By integrating augmented reality with STEAM, children can use various features found in augmented 

reality so that there are many opportunities to listen, practise vocabulary, and collaborate with other 

children. Wittayakhom & Piriyasurawong (2020) also stated that the STEAM approach is the right 

approach for elementary school students, whose learning is holistic by combining science, 

technology, engineering, art, and mathematics. The five disciplines become one of the educational 

approaches that comprehensively reflect problem-solving through 21st-century learning 

experiences. STEAM is cooperative learning as part of constructivism learning, where students will 

build their knowledge and understanding through projects. The given project requires students to 

understand the material being studied and utilize developing technology to help find concepts. 

CONCLUSION  
The study results could be concluded that AR-based interactive multimedia effectively 

improved the quality of natural science learning. Natural science learning media already involves 

various media (multimedia), interactive, presenting more real objects, attractive, friendly designs, 

and equipped with instructions to improve the quality of natural science learning in elementary 

schools. This research implies that research helps teachers optimize media and teaching approaches; 

one of them is using STEAM with augmented reality media. 
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