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The need for technology-based media is vital in the era of 21st-century education. Here, 

augmented reality media is a medium predicted to provide a more realistic experience 

successfully and in line with the developmental phase of elementary school students. For 

this reason, this study aims to analyze the need for augmented reality media development 

and develop an initial design for augmented reality media development in STEAM learning 

in elementary schools. This research used the R&D method with two of the four stages of 

R&D research. These stages are preliminary studies and initial design development. The 

subjects of this study were seven teachers and 129 students of a public elementary school 

in East Java, Indonesia. The instruments of this research were questionnaires and 

interviews. Data analysis used descriptive statistics and interpretive analysis. The results of 

this study revealed that teachers and students needed media that can represent material in-

depth, increase interest and motivation, and provide experiences, such as STEAM-based 

augmented reality learning media. Meanwhile, the initial design development results of 

STEAM-based augmented reality learning media were in the form of six types of designs, 

containing Batik, Wayang (puppet), Gamelan, Borobudur Temple, Kereta Kencana (golden 

chariot), and Keris. 
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1. INTRODUCTION

In 2015, the Partnership for 21st Century Learning 

developed a learning framework for the 21st century [1, 2]. 

This learning requires students to have skills in life and careers. 

The skills required include flexibility, adaptability, initiative 

and independence, social and cultural skills, productive 

accountability, leadership, and responsibility [3]. With these 

skills, students are required to have skills in learning and have 

new ideas, such as creative and innovation, critical thinking, 

problem-solving, communication and collaboration, seeking 

information, and using media and technology (such as 

information, media, and ICT literacy) [4-6]. 

Drake and Reid [7], Wagner [8], and the Change Leadership 

Group of Harvard University have identified the competencies 

and survival skills students need to face life, the world of work, 

and citizenship in the 21st century. They are emphasized on 

the following seven skills: (1) critical thinking, creative, and 

problem-solving skills, (2) collaboration and leadership, (3) 

dexterity and adaptability, (4) initiative and entrepreneurial 

spirit, (5) being able to communicate effectively both orally 

and in writing, (6) able to access and analyze information, and 

(7) have curiosity and imagination. These skills can cover the

achievement/need for learning based on science, technology,

machines, arts, and mathematics. For example, critical

thinking and problem-solving skills are required skills in

learning science and mathematics; the ability to access and

analyze information is needed in technology learning; having

a curiosity and imaginative become a necessity in learning art;

dexterity and collaboration are needed in a variety of subject

areas, such as machine learning, arts, science, and math.

In addition, the need for 21st-century educational skills goes 

hand in hand with technological developments [9]. This 

development is growing rapidly and swiftly. Undoubtedly, this 

development influences various sectors of human life, one of 

which is the education sector [10]. The most visible 

technological development is the use of gadgets, especially the 

utilization of smartphones in everyday life, including in the 

field of education [11]. It opens up great opportunities in 

utilizing application technology on smartphones to be 

developed into application-based learning media [12]. The 

technology that allows embedded in smartphones is 

augmented reality (AR) technology. AR technology utilization 

can also be applied in learning in elementary schools [13]. 

Moreover, at this time, elementary schools have implemented 

a thematic learning system for their students. Thematic 

learning is an approach that involves several fields of study to 

provide meaningful experiences for children [14]. It is 

meaningful because the child will understand the concepts 

learned through direct experience and connect with other 

concepts during learning. That way, the existence of AR 

technology has a role in mediating the delivery of material in 

thematic learning in elementary schools [15]. 

AR is a technology that can combine two- or three-

dimensional virtual objects into a real environment, generating 

or projecting them in real-time [16]. Also, according to Fleck 

& Simon [17], AR is a technology that combines two-

dimensional and three-dimensional virtual objects into a real 

three-dimensional environment. Learning media using AR is 

expected to be a source of learning for students. This media 

also functions as an independent learning medium for students 

[18]. AR media can also help students in learning outside of 

school hours. In their research, Syawaludin et al. [19] stated 

that AR technology could be an innovation in learning media 
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in schools without compromising the role of book media, and 

this media can be developed on various mobile devices with 

the Android Operating System (OS). 

According to Goebert and Greenhalgh [20], the advantages 

of AR include an attractive visual display since it can display 

3D objects and their animations as if they were in a real 

environment and juxtaposed with information about 3D 

objects so that they can make users interested in learning about 

them. AR technology is starting to be applied in education 

because it is innovative, real, and more real-time. This 

technology can be implemented in various media, such as 

desktop applications, smartphones, industrial fields, and even 

print media, such as books, magazines, or newspapers [21]. In 

addition, AR technology may be preferred in learning, 

especially in teaching abstract concepts, by looking at the 

cognitive stage development experienced by students [16]. 

On the other hand, the Ministry of Education in Indonesia 

has decided on provisions or regulations regarding the learning 

system [22]. One of the provisions developed in every 

educational institution today is thematic learning. This type of 

learning has spread at every level of education, including the 

elementary school. Thematic learning intentionally links 

several aspects of the lesson (intra- and inter-subject) [23]. 

This combination will produce complete knowledge and skills. 

It is said to be complete if learning is not only limited to one 

lesson content but also contains several other lesson contents 

[24]. This complete concept will be covered by the science, 

technology, engineering, art, and mathematical (STEAM) 

approach. 

STEAM is integrated learning between science, technology, 

engineering, and mathematics to develop students' creativity 

through problem-solving processes in everyday life [25]. The 

definition of STEAM, according to Amo et al. [26], is an 

interdisciplinary approach to learning in which students 

implement science, technology, engineering, and mathematics 

in real contexts, connecting schools, the world of work, and 

the global community to develop STEAM in students. In 

addition, learning with the STEAM approach is also said to 

prepare students to face the real world full of problems to be 

ready in global competition. As revealed by Bybee [27], 

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 to 

apply in developing countries, such as Indonesia, to use 

STEAM so that later, students will be able to compete in 

various aspects in this modern era. 

The STEAM learning process involves several key skills for 

21st-century students, covering collaboration, creativity, 

critical thinking, computerization, cultural understanding, and 

independence in learning and career [28]. 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 it is integrated into the learning 

process. Learning using the STEAM approach is also expected 

to produce meaningful learning for students by integrating 

knowledge, concepts, and logical skills [18, 29, 30]. In 

addition, STEAM is used to address the real world through a 

design-based problem-solving process such as that used by 

engineers or scientists [31]. According to Hsu et al. [32], some 

benefits of STEAM are that it makes students problem solvers, 

inventors, innovators, independent, logical thinkers, and 

technology literate.  

In elementary schools, the STEAM approach aligns with the 

conditions of learning that must be applied in schools, 

especially thematic learning. STEAM is also suitable for 

application in thematic 2013 curriculum learning, which 

integrates several subjects. Applying the STEAM approach in 

the thematic learning process is expected to equip students 

with various skills to face competition in the 21st century. 

Similar studies have been carried out by several previous 

researchers. Osadchyi and Varina [33] highlighted the analysis 

of the utilization of AR technology in the process of emotional 

development. Their findings resulted that AR technology has 

succeeded in increasing students’ emotional stability and 

personality. In addition, other studies have examined the 

integration of STEM with AR utilization during online 

learning. The findings showed that AR and VR [34-37] were 

effectively implemented in online learning [38, 39]. Another 

study investigated AR technology in learning during a 

pandemic. The findings concluded that AR technology could 

be integrated into STEM learning [40, 41]. 

Moreover, several previous studies have highlighted and 

yielded findings regarding the use of AR technology in 

learning. However, striking differences were found. The 

current research develops AR technology in learning, but AR 

is not only used as technology but also as a learning medium. 

The AR media is also integrated with the STEAM approach. 

In addition, some previous findings only integrated STEM 

learning without adding the art aspect in STEM. Thus, the AR 

media studied in the current study are STEAM-based and 

focused on thematic learning. Furthermore, thematic learning 

is only applied in elementary schools. That way, it is 

interesting if elementary school students become the primary 

focus of developing media technology. At this level, they 

really enjoy learning that has the nuances of technology, so it 

feels right if the development of augmented reality media is 

carried out in elementary schools. Based on the description 

stated previously, this article aims to analyze the needs and 

develop an initial design of STEAM-based AR learning media 

in thematic learning in elementary schools. 

 

 

2. METHODS 
 

2.1 Research design 

 

This research adopted research and development (R&D) [42, 

43]. The stages of R&D research include preliminary studies, 

design preparation, product development, and product testing. 

This research has carried out two stages/parts of R&D. The 

stages conducted were the preliminary study stage and the 

design preparation. In the preliminary study stage, the 

researchers analyzed the initial problems of the research 

sample and explored in-depth information about the need for 

technology-based learning media on the perceptions of 

teachers and students. Meanwhile, the design preparation stage 

was carried out by compiling the initial design of the STEAM-

based AR learning media prototype.  

 

2.2 Sample and data collection 

 

This study involved teachers and elementary school 

students in Tuban, East Java, Indonesia. The sampling 

technique/research participant was carried out by the 

purposive sampling technique. Students and teachers were 

from schools which had implemented STEAM. The choice of 

this subject was based on several reasons: (1) the teacher at the 
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elementary schools had attended STEAM learning training; (2) 

some teachers had tried to use STEAM; (3) teachers were 

accustomed to use audio, visual, and information technology-

based media; (4) the school supported media development 

activities through collaboration between universities and 

schools. Based on those reasons, the research participants were 

seven teachers and 129 students and elementary school. 

 

2.3 Collection of data 

 

Data collection techniques employed questionnaires and 

unstructured interviews. The questionnaire in this study was a 

modified research result of Kobayashi et al. [44]. The 

questionnaire focused on extracting data about the application 

of STEAM and the use of learning media. There were two 

questionnaires: a questionnaire for teachers and students. The 

questionnaire was a closed questionnaire since the answers 

only contained two answer choices (yes or no). There were 15 

questionnaire questions addressed to students about their 

response to media and STEAM learning. In addition, there was 

also a teacher's questionnaire about their response to media 

and STEAM learning with a total of 10 questionnaire 

questions. The type of questionnaire used was also the same, 

namely a closed questionnaire. Meanwhile, interviews were 

conducted to find out more about the needs of learning media. 

The type of interview used was an unstructured interview. This 

interview was addressed to teachers and students. 

 

2.4 Analyzing of data 

 

Research data were obtained and analyzed through four 

stages [43, 45]. Initially, the instruments were collected by 

distributing questionnaires. Then, the questionnaire data were 

classified based on the class, nature, type, and frequency of the 

data obtained. The classification of questionnaires included 

the implementation of thematic learning, STEAM, and the use 

of digital learning media. Next, the data were analyzed 

qualitatively. The data were sorted and linked to information 

relating to the focus of the research. Finally, the researchers 

interpreted the problem analysis results and the researchers' 

questions, and then concluded. 

 

 

3. RESULTS AND DISCUSSION 

 

The development of this learning media used a learning 

media design model with a development (R&D) model. R&D 

accommodates the real and urgent needs (real needs in the 

here-and-now) through developing solutions about a problem 

while generating knowledge used in the future [42]. This 

section describes two things that became the initial stages of 

research and development of augmented reality media in 

STEAM learning in elementary schools. The first is media 

needs analysis and initial media design. 

 

3.1 Media needs analysis 

 

Media needs data were obtained from distributing 

questionnaires and interviews to teachers and students. The 

main targets for collecting this data were teachers and students. 

Three results were obtained after collecting data through 

questionnaires and interviews. The first was distributing 

questionnaires to students to explore media needs and STEAM 

learning. Questionnaires focused on extracting data about 

media and STEAM learning in terms of student needs is 

presented in Table 1. 

 

Table 1. Student questionnaire responses about media and 

STEAM learning 

 

No Question 
Percentage 

Yes (%) No (%) 

1. 
Do you enjoy studying thematic 

material? 
89.7 10.3 

2. 
Are thematic subjects a difficult 

subject? 
66.2 33.8 

3. 

Have you ever had difficulty 

understanding the thematic material 

explained by the teacher? 

70.2 29.8 

4. 
Has the teacher ever delivered material 

using the STEAM approach? 
80.7 19.3 

5. 
Do you use learning media in studying 

thematic material? 
91.4 8.6 

6. 
Do you study thematic material by 

utilizing technology? 
86.2 13.8 

7. 
Are you interested in learning thematic 

by utilizing technology? 
100 0 

8. 
Does using technology make it easier 

for you to understand thematic material? 
87.9 12.1 

9. 
Is the use of technology important in 

thematic learning? 
85 15 

10. 
Have you ever studied thematic material 

with android media? 
0 100 

11. 
Do you use audiovisual media in your 

thematic learning? 
84.5 15.5 

12. 

Do using audiovisual media in thematic 

learning help you solve problems in 

thematic learning? 

91.4 8.6 

13. 

Have you ever learned to use augmented 

reality (AR) media in the form of three-

dimensional animation? 

0 100 

14. 
Are you interested in using augmented 

reality media in thematic learning? 
91.4 8.6 

15. 

Do you need STEAM-based augmented 

reality media to use in thematic 

learning? 

86.2 13.8 

 

Based on the data from student questionnaires in Table 1 

regarding student responses about augmented reality media 

and STEAM learning, the learning media used in thematic 

learning were generally only audiovisual media. Students had 

never studied with the STEAM approach and used augmented 

reality. It was certainly very stimulating for students to get to 

know something new by utilizing technology already used and 

was in great demand by students. Students could also easily 

understand the technology-integrated teaching materials.  

The student questionnaire results concluded that students 

enjoyed learning thematic learning materials with different 

difficulty levels. In this regard, thematic learning is part of the 

ten thematic learning models [46]. Thematic learning has 

provided understanding, and some materials have resulted in 

new faces called themes. In Curriculum 2013, the main 

characteristics of thematic learning focus on active learning in 

children and creating learning principles that are fun and 

provide hands-on experience. 

By applying thematic learning in the 2013 Curriculum, the 

orientation of student involvement through active, creative, 

interesting, and meaningful learning can be obtained. Thus, the 

learning process can provide experience and provision for 

students to compete with rapid changes and developments [47]. 

In fact, it is often found that thematic learning in elementary 

schools predominantly uses audio and visual media [48]. In 
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agreement with Sanabria and Aramburo-Lizarraga [49], 

audiovisual with the characteristics of a combination of visual 

and audio will be very helpful in mastering a concept. 

Along with the development of technology and the demands 

of future times, the condition of Indonesian students is that 

they are the largest users of technology in the world. 

According to data results Cambridge Assessment International 

Education [50], it was revealed that 67% of Indonesian 

students used smartphones in learning, and 81% more often 

did homework with smartphones. Therefore, digital 

technology was developed to support learning by using 

augmented reality media smartphones. Augmented reality as a 

cognitive system can fully understand the user's perception 

[51]. It signifies that the need for augmented reality media is 

in proportion to the developmental phase of elementary school 

students, namely at the concrete operational stage [52-54].  

Moreover, the use of augmented reality in learning media 

has shown very good results and is feasible to use; student 

response to the use of this media in learning is also very good, 

and students are enthusiastic in following the lesson [48]. For 

this reason, the application of AR media with the application 

of STEAM learning needs to be developed and implemented. 

The application of STEAM in learning is carried out to equip 

students to develop various skills, especially collaboration, 

communication, effectiveness, thoroughness, curiosity, 

creativity, systematic thinking, and problem-solving [49, 55, 

56].  

Second, the researchers collected questionnaire data 

regarding the teacher's needs. The questionnaire focused on 

extracting data about media and STEAM learning in terms of 

teacher needs is presented in Table 2. 

 

Table 2. Teacher's questionnaire responses on media and 

STEAM learning 

 

No Question 

Percentage 

Yes 

(%) 

No 

(%) 

1. Do you use media in thematic learning? 100 0 

2. Have you used technology in thematic learning? 83.3 16.7 

3. 
Have you implemented STEAM-based learning in 

thematic learning? 
71.4 28.6 

4. 
Is the thematic learning media that you use 

integrated with STEAM? 
0 100 

5. 
Has the media you used so far improved students' 

critical thinking skills? 
16.7 83.3 

6. Do you need augmented reality learning media? 100 0 

7. 
Should thematic learning media be accessible 

anywhere through smartphone learning? 
100 0 

8. 
Do you need STEAM-based augmented reality 

learning media? 
100 0 

9 

Can STEAM-based augmented reality learning 

media make it easier for students to understand 

abstract concepts in thematic learning? 

100 0 

 

Based on Table 2, most of the teachers did not know very 

well about augmented reality and the STEAM approach. 

Teachers had used learning media in the thematic learning 

process in elementary schools, even though these media had 

not been fully integrated with the STEAM approach. In fact, 

choosing the right learning media will make learning more 

interesting and meaningful. In addition, teachers need 

augmented reality learning media that can be practically 

accessed anywhere through smartphone learning.  

However, the media could not represent learning materials 

integrated with each other as a whole. In general, in thematic 

learning, determining the media to be applied is based on the 

amount of material content planned. Thus, one learning media 

does not only represent one material content. 

In addition, many teachers did not understand how to create 

and have a fun learning atmosphere, even though they had 

implemented the 2013 Curriculum thematic learning from the 

planning, implementing, and evaluating stages effectively. 

Supposedly, the application of learning media helps teachers 

be more efficient in applied learning, especially in delivering 

material that requires a clearer explanation of the process in 

real terms. Hence, in following technological developments, 

teachers can produce augmented reality-based 3D media with 

the help of smartphones in their application. 

Furthermore, based on the teacher's questionnaire, there was 

a conclusion that teachers did not fully use STEAM learning 

because they had only tried it a few times. Some teachers 

admitted that they did not fully understand STEAM learning. 

It is consistent with the research results from Mau’izhah et al. 

[57], explaining that the teacher understanding level of 

STEAM learning is different. However, all teachers agreed 

that they needed augmented reality media integrated with the 

STEAM approach so that the material can be more real and 

easier to convey in the current era of technological 

development. 

Education in today's era accelerates teachers in integrating 

technology to achieve 21st-century skills, which continue to 

develop rapidly. Indonesia has responded to this condition by 

including STEAM education in the 2013 Curriculum revision 

[58]. The STEAM approach is applied in learning to utilize 

augmented reality by designing themes, including inter and 

Trans disciplinary. The scientists also point out that AR is 

crucial for implementing the STEAM approach in education 

[59]. In STEAM education, AR application brings lessons and 

textbooks to life using video, photos, and audio in an 

interactive platform [49, 60, 61]. Thus, it can support a 

practical, flexible, and directed learning process, following 

advances in science, technology, and art. 

Based on the interview results, it was found that the teachers 

have applied a scientific and contextual approach in thematic 

learning so far. In the use of media, the teachers employed 

concrete and audiovisual media. However, concrete media 

used by teachers were not always there. Due to limited funds, 

the use of learning media could not assist all learning. In 

addition, in using audiovisual media, it was often constrained 

by tools, such as LCD and speaker, because on average, each 

school only had one LCD that could be used interchangeably. 

With this fact, STEAM learning-based augmented reality 

media is very much needed to support digital technology-

based learning processes. 

Third, the analysis was obtained from the conclusions of the 

two previous results, namely the results of needs according to 

teachers and students. Looking at the questionnaire results in 

Tables 1 and 2, the learning media generally implemented in 

thematic learning were only limited to audiovisual media and 

have not completely overcome problems in the learning 

process, especially in integrating materials based on science, 

technology engineering, art, and mathematics. 

In addition, the increasingly rapid development of digital 

technology can shift and replace the role of humans so that all 

our needs can be obtained easily in a short time. Currently, 

teachers and students are certainly familiar with and operating 

smartphones. Based on the student and teacher response 

results in Tables 1 and 2, a learning media is needed by 

utilizing STEAM-based augmented reality technology using 
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mobile android. In its development, augmented reality has 

become the latest trend and innovation in the mobile-based 

digital world business. 

Furthermore, teachers need STEAM-based augmented 

reality learning media because the media currently used are not 

fully representative and must adapt several media in one lesson. 

Some teachers have applied technology, but sometimes, the 

material could not be represented by the existing media since 

it is too abstract. Therefore, they hope that learning media that 

can represent material in depth can be made interactive, such 

as videos and animations, where each process is explained in 

detail and clear so that students can understand the material 

and apply it. It can be a way to make learning more effective, 

and students can participate actively in learning, especially in 

the application of 21st-century learning. Wittayakhom and 

Piriyasurawong [61] stated that technology facilitates the 

learning process and improves the education system’s 

performance effectiveness and/or efficiency. With technology, 

students can access knowledge anytime and anywhere, 

reviewing difficult concepts or jumping ahead, if necessary, 

while teachers can transfer their knowledge to students quickly 

and efficiently. Thus, learning innovation through the STEAM 

approach and augmented reality media will produce 

interesting learning synergies. 

The study results by Barma et al. [62] uncovered that 

augmented reality media could be done with data-based to 

create a real learning environment, even though objects, data, 

and actions are carried out virtually. Therefore, by combining 

augmented reality technology with the STEAM approach, it is 

hoped to create interesting teaching materials products and 

improve student learning outcomes. Augmented reality media 

can also increase student interest and motivate students to 

study harder, convey information between teachers and 

students, clarify the information provided, and provide 

learning experiences. It is in keeping with the opinion [63] that 

augmented reality media provides an enhanced learning 

experience based on situated learning theory and constructivist 

learning theory that work together. 

Learning media using augmented reality media also 

stimulates students' mindsets in critical thinking about a 

problem in everyday life. It aligns with several prior studies 

[64-67] that the utilization of augmented reality media also 

encourages social and cognitive activity, motivation, and 

critical thinking, emphasizing physical movement; thus, 

students can actively learn, and teachers can explore new 

strategies to gain learning experiences. Therefore, the use of 

augmented reality media with STEAM learning is expected to 

overcome problems that often arise in elementary schools 

because, in its application, students must be creative, 

experienced, able to solve problems, analyze, synthesize, 

evaluate, implement real work practices, and better cognitive 

understanding. 

 

3.2 Initial media design 

 

This stage was an advanced stage after conducting a needs 

analysis. The research team designed the augmented reality 

media. The initial design is presented in the following figures. 

Figure 1 is a media containing Batik. Batik is an Indonesian 

pictorial cloth made specifically by writing or applying wax 

on a cloth that has been given a certain pattern of motifs, which 

is then processed in a certain way with its characteristics. 

Types of batik based on the manufacturing process include: 

hand-written batik is a fabric designed with the texture and 

pattern using hands, stamped batik is a fabric decorated with 

the texture and pattern using a stamp tool, and painted batik is 

a process of making batik by directly painting on white fabric. 

The media contains integrated material: in science, there is 

material for changing the shape of objects; on technology and 

engineering, there are simple technology materials; in art, 

there is an introduction to fine arts; in mathematics, there is a 

material of two-dimensional figure. 

Figure 2 is a media containing Wayang (puppet). Wayang is 

artificial puppets made of leather or wood carvings and others, 

which can portray characters in traditional drama 

performances (Balinese, Javanese, Sundanese, and others) and 

are usually played by someone called the Dalang. The media 

contains integrated material: in science, there is material for 

changing the shape of objects; on technology and engineering, 

there are simple technology materials; in art, there is an 

introduction to fine arts; in mathematics, there is a material of 

two-dimensional figure. 

Figure 3 is a media containing Gamelan. Gamelan is a set 

of traditional Javanese, Sundanese, Balinese, and Lombok 

musical instruments with a pentatonic scale. The most 

commonly used instruments are the metallophone (is struck) 

and the hand-played membranophone. The media contains 

integrated material: in science, there is sound material; in 

technology and technique, there is simple and modern 

technology material; in art, there is an introduction to the art 

of music; in mathematics, there is material about geometry. 

 

 
 

Figure 1. The initial design of batik augmented reality media 

 

 
 

Figure 2. The initial design of Wayang augmented reality 

media 
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Figure 3. The initial design of gamelan augmented reality 

media 

 

 
 

Figure 4. The initial design of the Borobudur temple 

augmented reality media 

 

In Figure 4, it is a media containing Borobudur Temple. 

Borobudur Temple is a Buddhist temple located in Borobudur, 

Magelang, Central Java. This temple consists of six terraces, 

2,672 relief panels, and 504 Buddha statues. The media 

contains integrated material: in science, there is material for 

changing the shape of objects; in technology and engineering, 

there are simple technology materials; in art, there is an 

introduction to fine arts; in mathematics, there is material 

about geometry. 

 

 
 

Figure 5. The initial design of the Kereta Kencana 

augmented reality media 

 
 

Figure 6. The initial design of the Keris augmented reality 

media 

 

Figure 5 is the media containing Kereta Kencana [golden 

chariot]. The Kereta Kencana Kiai Garuda Yeksa is the great 

train of the Yogyakarta Palace, usually used for the new king's 

carnival around the palace fort. This chariot has four wheels 

and is pulled by eight horses. The media contains integrated 

materials: in science, there is axle wheel material; on 

technology and technique, there is material on transportation 

technology; in art, there is an introduction to fine arts; in 

mathematics, there is material for two-dimensional figures and 

geometry. 

In Figure 6, it is the media containing Keris. The Keris is a 

dagger stabbing weapon, which is one of the distinctive 

cultures of the archipelago. In general, the Keris is made of 

iron, steel, and prestige stone or nickel, which is then forged 

and shaped by a master. The media contains integrated 

materials: in science, there is material on burning and mixing 

metals; in technology and engineering, there are simple 

technology materials; in art, there is an introduction to fine arts; 

in mathematics, there is a material of two-dimensional figure. 

The initial design contained six media containing Batik, 

Wayang, Gamelan, Borobudur Temple, golden chariot, and 

Keris. The six initial designs of the media had met the 

integration of materials from science, technology and 

engineering, art, and mathematics. Under the STEAM 

principle, the material in STEAM learning is expected to be 

integrated [59]. The STEAM approach is also an activity to 

approach science, technology, engineering, and mathematical 

disciplines, using 21st-century skills [68, 69]. STEAM-based 

learning can be a powerful approach when integrated with 

interdisciplinary critique and collaboration [70]. Also, 

research findings have shown that students are satisfied with 

implementing STEAM and enjoy learning [71]. 

Apart from being integrated, the media has fulfilled the 

main learning principles following student development. Thus, 

the media is expected to support the active, iconic, and 

symbolic learning stages [72]. These stages are vital to support 

the achievement of student learning outcomes [73]. 

Supposedly, the learning design supports the inactive stage of 

development, namely a stage of learning by using concrete 

objects. Then, iconic is the stage of learning knowledge 

presented (embodied) in the form of visual images, pictures, 

or diagrams, which describe concrete activities in the inactive 

stage. Meanwhile, symbolic is the stage of learning by 

presenting knowledge through the form of abstract symbols, 

either verbal, mathematical, or other abstract symbols. 
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The design of augmented reality media development 

applications consists of the following components: (1) 

markers, symbols, or images designated to compare other 

images stored in the marker database; (2) video cameras, 

webcams, camera phones, or sensors used for image analysis 

and image recognition/tagging with 3D pose estimation and 

tracking systems; (3) display, computer monitor, or mobile 

phone screen or otherwise; (4) software or processing unit for 

creating 3D images or objects. It is in line with previous 

research [74-76] that the manufacturing stage refers to the 

software used, such as Sketch Up, Vuforia, unity 3D, and 

visual studio, to turn it into an application. Therefore, the 

application of augmented reality media is undoubtedly 

desirable to strengthen the above-mentioned 21st-century 

skills involved in STEAM studies. Thus, students can build 

their knowledge and understanding through digital 

technology-based projects. 

 

 

4. CONCLUSIONS 

 

Based on the research results and discussion, it can be 

concluded that teachers and students needed media that could 

represent material in-depth, increase interest and motivation, 

and provide experiences, such as augmented reality learning 

media in STEAM learning. This need was then realized by 

developing an initial media design following the expectations 

of teachers and students. The initial design paid attention to six 

components in the form of media containing Batik, Wayang, 

Gamelan, Borobudur Temple, golden chariot, and Keris. In 

addition, this research helps teachers create and develop media 

and learning approaches in the 21st-century era with digital 

technology, using STEAM with augmented reality media. 

Based on the earlier conclusions, the development of 

augmented reality in STEAM learning is very much needed in 

elementary schools. The development does not only stop at the 

initial design but continues on augmented reality media. 

Teachers and students can use the initial design made as a 

visual medium to support learning. 

This needs analysis study was still limited in scope to one 

regency, so the results could not be generalized. In addition, 

this research still relied on unstructured questionnaires and 

interviews so that other techniques are needed to strengthen 

the data to generate better data. The media developed was also 

still an initial design, so it is not optimal for STEAM learning. 
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