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 Purpose of the study: Students’ conceptual understanding of Solar System 
topics remains low due to the abstract nature of astronomical phenomena and the 

limited use of interactive visual learning media. This study aims to develop AR-

based Solar System learning media that are valid, practical, and effective in 

improving students’ conceptual mastery. 

Methodology: The research employed a Research and Development approach 

using the 4D model. Participants comprised 46 eighth-grade students from 

Muhammadiyah 1 Junior High School in Palembang, selected through purposive 

sampling. Data collection involved teacher interviews, expert validation (3 
experts), student practicality questionnaires (9 students) and pretest-posttest 

assessments (46 respondents),. The instruments included closed-ended Likert-

scale items, open-ended feedback, and concept mastery tests. Data analysis was 

conducted using the Guttman scale for validity, the Likert scale for practicality, 

and the N-gain test for effectiveness. 

Main Findings: The developed AR learning media achieved a validity score of 

100%, a practicality score of 96.82% (very practical), and high effectiveness, 

with an average N-gain of 0.71. Students’ posttest scores showed substantial 
improvement compared to pretest results, indicating enhanced understanding of 

planetary motion, rotation, and revolution. 

Novelty/Originality of this study: The findings confirm that AR-based learning 

media effectively facilitate conceptual change by transforming abstract Solar 
System concepts into concrete, interactive experiences. The novelty of this study 

lies in integrating realistic 3D visualization, curriculum-oriented design, and 

effectiveness testing. The results imply that AR media can serve as a viable 

instructional innovation in science education, particularly for abstract topics that 

require spatial reasoning. 
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1. INTRODUCTION 

Understanding concepts is an important aspect of science learning because it forms the basis for 

students to build meaningful scientific knowledge. However, various studies have shown that the mastery of 

junior high school students' concepts in Solar System material is still relatively low. This is characterized by the 

many misconceptions that still arise regarding the position of the planet, the motion of revolution, the rotation of 
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the earth, and astronomical phenomena such as the phases of the moon and eclipses [1]. The low level of mastery 

of this concept is due to several factors, including the predominantly conventional learning method, the 

limitations of three-dimensional visual media, and the lack of interactive learning experiences [2]. Solar System 

material is classified as abstract because many objects cannot be observed directly by students, so understanding 

the concept is very dependent on visualization abilities and spatial representation [3]. Data states that more than 

60% of junior high school students still have misconceptions about the concept of revolution and rotation of the 

earth, which has implications for errors in explaining day and night events and seasonal changes [4]. Similar 

findings were also obtained who report that students tend to understand the Solar System only textually without 

being able to relate relationships between objects conceptually [5]. 

Learning Natural Sciences, especially on material solar system, students often have difficulty 

understanding the position, relative size, and movement of planets with respect to the sun. This is due to 

astronomical properties that cannot be observed directly in everyday life [6]. Therefore, the use of AR-based 

learning media is a potential solution to provide more concrete and interactive learning [7]. Conceptual 

understanding in (IPA) requires students to integrate spatial reasoning, visualization, and causal explanations of 

phenomena [8]. Studies consistently report that students often rely on rote memorization rather than conceptual 

[9], reasoning when studying topics related to the Solar System, leading to misunderstandings about planetary 

order, relative distances, and motion patterns [10], [11]. Such misunderstandings tend to persist unless 

instructional interventions explicitly support conceptual change through visual and interactive representations 

[12], [13]. Advances in educational technology have opened up new opportunities in improving the quality of 

science learning. One approach that is starting to be widely implemented is the use of based media Augmented 

Reality (AR). 

AR is a technology that combines virtual objects with the real world interactively and in real time [14]. 

AR is able to improve students' learning experiences through immersive and interesting visualizations, so that 

abstract concepts can be more easily understood [15]. AR that allows 3 D visualization of objects and direct 

interaction with Solar System models [16]. Research shows that using AR can increase learning engagement 

(engagement) and help students build a deeper understanding of the concept [17]. Several studies have shown 

that the application of AR in science learning can improve understanding of concepts and students' learning 

motivation. For example, research by [14]. developed AR media for solar system materials and found significant 

improvements in student learning outcomes. In addition, AR media provides a pleasant learning experience and 

increases knowledge retention [4]. Augmented Reality (AR) has been identified as a promising technology 

capable of presenting three-dimensional, interactive visualizations; however, many AR studies focus primarily 

on learning outcomes without systematically examining media validity, practicality, and alignment with 

curriculum demands. Augmented Reality has been widely recognized as an effective instructional technology for 

science education due to its ability to present abstract concepts in a concrete and interactive manner [9], [18]. 

Research demonstrates that AR-based learning environments enhance students’ motivation, engagement, and 

conceptual understanding by enabling direct manipulation of virtual objects [19], [20]. In the context of Solar 

System learning, AR facilitates exploration of planetary motion, rotation, and revolution through 3D 

visualization, which is difficult to achieve using traditional media [21]. 

Although previous studies have confirmed the positive impact of AR on learning outcomes, including 

animations and simulations, can improve learning outcomes. However, most existing learning media still rely on 

two-dimensional representations and offer limited interactivity, which hinders the development of students' 

spatial reasoning. Augmented Reality (AR) has been identified as a promising technology for presenting 

interactive three-dimensional visualizations; however, many AR studies focus on learning outcomes without 

systematically testing the validity of the media, its practical feasibility, and its suitability for curriculum 

requirements. Furthermore, few studies explicitly report the implementation of AR media on students’ concept 

mastery. Therefore, this study aims to fill this gap by systematically developing and evaluating AR learning 

media about the Solar System using the 4D Model, as well as testing its impact on students' concept mastery. 

AR-based learning media allows students to interact directly with three-dimensional models of the solar 

system, observe planetary movements, and visually study the characteristics of each planet. This medium can 

thus create a deeper and more meaningful learning experience than conventional methods [22]. Therefore, this 

study aims to develop and evaluate AR-assisted Solar System learning media and to examine its effectiveness in 

improving students’ conceptual mastery. The research questions guiding this study are: (1) How to develop a 

valid and practical AR-assisted Solar System learning medium? (2) How to examine its effectiveness in 

improving students’ conceptual mastery? 

 

 

2. RESEARCH METHOD 

This research uses research and development methods (R&D) with reference to 4D models. This model 

was chosen because it is oriented towards producing effective and viable learning media products. The stages 

passed include: definition stage (Define), planning stage (Design), development stage and stage Disseminate. 
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This model was selected because it emphasizes systematic product development and iterative evaluation to 

ensure instructional validity and effectiveness. The participants in this research consisted of: 46 students in class 

VI of elementary school as a user in a limited trial. Research location in Muhammadiyah 1 Middle School 

Palembang. Participant selection was carried out using techniques purposive sampling, namely based on criteria 

of relevance to the use of AR learning media and students’ basic abilities in understanding solar system material 

[23].  

Data is collected through several techniques, namely 1) Interviews and preliminary observations for 

teachers to find out how far they have mastered the student's concept.  2) Expert validation questionnaire carried 

out by 3 media experts to assess aspects of the feasibility of AR media content, appearance and interactivity. 3) 

Study results test in the form of pretests and posttests, they are used to measure the improvement in students' 

understanding of concepts before and after using AR media. 

Data analysis is carried out quantitative and qualitative, in the expert validation questionnaire analyzed 

using average score to determine the level of eligibility of the product based on the guttman scale criteria 1 = yes 

and 0 = no. In the questionnaire on the practicality of products with scale criteria of 1-4. After processing, the 

average score results are obtained which will then be matched with the practicality level category of the learning 

media that refers to the table 1. 

 

Table 1. Categories of practicality levels 

Answer Category Scale 

3.26 – 4.00 Very Practical 

2.51 – 3.25 Practical 

1.76 – 2.50 Not Practical 

1.00 – 1.75 Very Unpractical 

 

Analysis of test data is carried out by adding up the scores obtained from each item of questions that 

have been carried out by students. Data on student learning outcomes analyzed using N-gain test to see an 

improved understanding of concepts before and after learning [24]. 

 

Table 2. Gain Criteria 

N-Gain Criteria 

<g> 0.70 High 

0.30 <g> 0.70 Medium 

<g> < 0.30 Low 

 

 

3. RESULTS AND DISCUSSION 

This research develops augmented Reality (AR) based Solar System learning media using 4D models 

(Define, Design, Develop, Disseminate). The research subjects were 46 students in class VIII of Junior High 

School Muhammadiyah 1 Palembang. Curriculum analysis shows the Merdeka Curriculum emphasizes the skill 

of interpreting astronomical phenomena, not just memorizing them. Teachers support the use of AR because it is 

able to transform abstract concepts into interactive visuals. Many educator interviews show that there is a 

positive tendency towards teachers’ perception of AR, where teachers see AR as a medium able to transform 

abstract concepts into visual and interactive representations, making it easier for students to understand concepts 

such as the composition of the Solar System, rotation of revolutions, and eclipse phenomena. In the interview, 

there was a statement that AR “allows students to see ‘size, relative distance and movement’ so that it becomes 

more concrete. The pedagogical implication is that teachers tend to support the use of AR to strengthen the 

exploratory phase and the strengthening of concepts, particularly on spatially charged topics. The results also 

showed the positive effects of AR on the motivation and spatial visualization of learners [25]. 

Materials are prepared according to junior high school science learning achievements. Draft media in 

the form of 3D planetary objects, narratives and AR markers. The development process began with the creation 

of three-dimensional models of planets, the Sun, and other celestial bodies using 3 D modeling software. Each 

object is designed with details that resemble its original condition. Once all models are complete, the next step is 

to integrate the object into the AR platform. Here's a prototype view of AR learning media. 
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Figure 1. 3D Model Solar System 

 
Figure 2. Planet Earth 3D Model 

 
Figure 1. Moon 3D Model 

 
Figure 3. 3D model of the planet Saturn 

 

Once the AR media prototype has been completed, the product is then validated by a materials expert, 

media expert and linguist to assess content quality, media feasibility and language usage. The validator provides 

input and all expert input is used to improve the media to achieve feasibility before it is implemented by 

students.  

 

Table 3. Validation expert recapitulation 

Aspect Percentage (%) Category 

Content Expert 100 Very Valid 

Learning Design Expert 100 Very Valid 

Media Expert 100 Very Valid 

 

Based on a recapitulation table of validation experts. AR prototypes were validated by content, design 

and media experts with average results 100% (very valid). Practicality tests by learners yielded average scores 

95.03% (very practical). The next stage is a practicality test carried out by 9 students. The practicality test aims 

to assess the ease of use of media by students, clarity of instructions, visual attractiveness, and smooth 

interaction between users and AR applications. Learner responses are used to identify initial weaknesses in the 

media so that further revisions can be made before the media is used more widely. 

 

Table 4. Results of improvements based on expert judgement 

Statement Total Score (%) 

Learning media can be used easily via smartphone devices 9 100 

The appearance of learning media is interesting so that you are more 

enthusiastic about learning activities 
8 88.89 

The material in learning media is easy to understand 8 88.89 

The images presented correspond to the material 9 100 

The type of writing/text used in learning media is easy to read 9 100 

The language used in learning media is easy to understand 9 100 

This learning medium makes it easier to learn independently 9 100 

Images on learning media can be seen clearly 8 88.89 

This learning medium trained me to master material about Earth and 

Solar System material 
9 100 

This learning medium encouraged me to be more active in learning 9 100 
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Statement Total Score (%) 

activities 

Augmented Reality media helped me imagine the shape and objects of 

the sky in the solar system 
9 100 

I can better distinguish the characteristics of each planet 9 100 

I have no difficulty running Augmented Reality media 9 100 

Instructions for using Augmented Reality media are easy to understand 9 100 

Average 8.78 96.82 

Category  
Very 

Practical 

 

Based on the assessment results in the table, the learning medium of the Augmented Reality assisted 

Solar System obtained an average score 8,78 by percentage 96.82%, which shows the category very practical for 

use in learning. All statements get percentages above 85%, some aspects even achieve perfect scores (100%). 

These results show that media is easily accessible via smartphone, attractive displays, and the materials and 

language used are easy for students to understand. The aim of this dissemination stage is to introduce the media 

to users more widely and implement it in classroom learning. This effectiveness test was prepared to assess the 

extent to which the use of Augmented Reality assisted Solar System learning media can improve students' 

mastery of concepts and support their involvement in the learning process. 

Based on the pretest and posttest results graph in Figure 4.5, it can be seen that there has been a very 

significant increase in students' mastery of concepts after using Augmented Reality assisted Solar System 

Learning Media. The pretest average value is 50,22 shows that before the use of media, students' initial 

understanding of the material was still in the low to medium category. After learning interventions with AR 

media, the average posttest score increased to 87,83, signifying an increase in understanding that reaches more 

than 37 points. This improvement indicates that visualization of solar system objects in 3D plays a big role in 

making it easier for students to understand the concepts of rotation, revolution, planetary characteristics and 

other astronomical phenomena. Apart from that, the interactive and realistic nature of Augmented Reality can 

increase students' attention, involvement and learning motivation. 

 

Table 5. N-gain results 

 N Minimum Maximum Mean Std. Deviation 

Play 46 -.33 1.00 .7132 .33099 

NGainPercent 46 -33.33 100.00 71.3198 33.09863 

Valid N (listwise) 46     

 

According to Table 4.6, the N-gain values are average (mean) a total of 0.713 shows that the use of 

Augmented Reality assisted Solar System Learning Media provides increased mastery of learner concepts in the 

very effective category, according to the N-gain effectiveness criterion, namely > 0.70. The average N-gain 

percentage of 71.32% also strengthens that Augmented Reality-based learning has a significant impact in helping 

students understand abstract Solar System concepts to become more concrete and easy to visualize. This shows 

that AR features, such as planetary 3 D objects, simulations of rotational motion and revolution, and orbit 

visualization, are able to improve learners' engagement and understanding. This research shows that Augmented 

Reality (AR) is able to bridge the gap between abstract astronomical concepts and students' visual-spatial 

understanding. Improved concept mastery reflected in high N-gain scores in your studies aligns with literature 

findings: AR implementation in solar system materials consistently improves learning outcomes and reduces 

misconceptions through 3D visualization, rotation–revolution simulations, and orbits that students can explore 

directly [26], [27]. Positive effects of AR on mastery of science concepts, motivation, and scientific thinking 

skills [28]. 

AR’s conformity with the Independent Curriculum appears in the drive for interpretation of phenomena, 

scientific literacy, and meaningful learning experiences. Implementation of the Merdeka Curriculum through AR 

media is reported to improve learning outcomes because AR encourages active involvement, independent 

exploration and multimodal integration of information [29]. On the other hand, recent systematic studies 

emphasize that AR supports deep learning building mental models and minimizing cognitive load when studying 

complex science concepts when designed with directed conceptual strategies (e.g. concept maps) and consistent 

interfaces [30], [31]. The very high expert validation of content, design and media aspects of your research is 

consistent with AR design recommendations: commensuracy with the curriculum, precise scientific narrative, 

intuitive interface and meaningful interactivity. The literature underlines that design consistency and integration 

of interactive features improve media quality and learning outcomes especially if the 3D object is scientifically 

accurate and navigation is clear to support inquiry [28], [32]. When learning strategies (e.g. Problem-Based 
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Learning) are combined with AR in solar system materials, the effects are significant on concept understanding 

and problem-solving abilities [33], [34]. The high practicality of AR media in your studies is easy to use on 

smartphones, clear instructions, attractive visuals intersect with the findings of mobile-based AR implementation 

in the Indonesian school context. National and international studies show that marker-based AR (often developed 

with Unity) is the most popular type due to its reliability of detection and ease of content integration, while 

facilitating adoption by teachers and students [35], [36]. This accessibility is important for experiential learning 

(experiential learning), where students can manipulate representations of celestial bodies and construct 

conceptual schemes through hands-on exploration [37]. 

The effectiveness of AR is reflected by the significant improvement of posttest scores and high-

category N-gain scores in your study, which is in line with the latest meta-analysis of AR in IPA. Evidence 

suggests AR has a strong impact on learning outcomes, especially when content, instructional, and technical are 

optimized, as well as when AR is used to visualize dynamic phenomena that are difficult to explain through text 

or 2D images [38][39]. Studies applying AR to solar system materials show improved understanding of IPA 

concepts through pretest–posttest design and N-gain measurements [39], [40]. In terms of pedagogy, AR helps 

reduce common misconceptions (e.g. planetary order, distance scales, and rotational differences–revolution) 

because it provides precise visual cues and multimodal interactions [41]. As students can “view” and test the 

representation of orbit and motion, the concept's exteriorization process becomes stronger, and intrinsic 

cognitive load decreases. AR interventions combined with concept map strategies were shown to improve mental 

model formation and optimize cognitive load, accelerating conceptual restructuring from preconception to 

scientific concept [42], [43]. Nevertheless, AR adoption faces pragmatic challenges. Limited devices, networks, 

and technical skills of teachers are often obstacles, especially in schools with low digital readiness. National 

literature highlights the importance of teacher training, usage guidelines, and simple AR design to fit real 

conditions in the classroom; gradual implementation models and infrastructure support have been found to 

increase program acceptability and sustainability [44]. Systematic reviews also reminded that the content of ARs 

is kept scientific precision; non-precise representations actually risk giving rise to new misconceptions, so expert 

validation and limited trials are important steps [45].  

The findings demonstrate that AR-based learning media significantly enhance students’ conceptual 

understanding of Solar System topics by providing interactive 3D representations that reduce cognitive load and 

support spatial reasoning [46], [47]. These results align with previous studies reporting that AR facilitates 

conceptual change and minimizes misconceptions in science learning [37], [48]. Overall, recent evidence 

supports that AR media for Solar Systems when developed in harmony with curricula, expert validation, and 

integrated with exploration-based pedagogical strategies have a major impact on students' concept mastery, 

motivation, and scientific thinking skills [49]. Your research stands in line with these trends, confirming that the 

quality of design, clarity of instruction, and readiness of the school ecosystem are determining factors in the 

success of AR implementation in science learning [50]. Compared with earlier AR studies, this research 

contributes new insights by integrating curriculum alignment, systematic development evaluation, and empirical 

effectiveness testing within a single framework. The results suggest that AR learning media not only improve 

learning outcomes but also support the pedagogical goals of inquiry-based science education. Nevertheless, 

limitations include the relatively small sample size and the absence of a control group. Future studies should 

employ experimental designs with larger samples and investigate long-term retention effects. Despite these 

positive outcomes, several limitations should be acknowledged. The study involved a single school and a limited 

number of participants, which may restrict generalizability. Additionally, the effectiveness analysis relied 

primarily on cognitive outcomes, without extensive examination of long-term retention or affective factors. 

Future research should involve larger samples, experimental designs with control groups, and investigations into 

long-term learning retention and teacher readiness for AR integration. 

 

 

4. CONCLUSION 

Based on the research results obtained, the conclusions of this research are as follows. 1) AR-assisted 

learning media on solar system materials to improve concept mastery have been successfully developed and 

declared to be highly valid (100%), highly practical (96.82%), and highly effective (N-gain 0.71). 2) AR is able 

to increase students’ mastery of concepts, motivation to learn, and support the achievements of the Independent 

Curriculum. 3) The main obstacle is the limited technical tools and skills of teachers, so training support is 

needed. This study concludes that AR-assisted Solar System learning media developed using the 4D model are 

highly valid, practical, and effective in improving students’ conceptual mastery. The findings contribute new 

empirical evidence supporting the instructional value of AR for abstract science topics and offer practical 

implications for teachers seeking to integrate innovative digital media into curriculum-oriented learning. From a 

theoretical perspective, this study reinforces the role of immersive visualization in facilitating conceptual change. 

Practically, it highlights the importance of teacher training and infrastructure support to ensure sustainable AR 

implementation in schools. 



In. Sci. Ed. J ISSN: 2716-3725  

Solar System Learning Innovation through Augmented Reality: Increasing Student … (Anggi Ramadhani) 

7 

ACKNOWLEDGEMENTS 

The authors would like to express their sincere gratitude to all parties who contributed to the completion 

of this research. Special appreciation is extended to the supervisors, Ismet and Ketang Wiyono, for their valuable 

guidance, constructive feedback, and continuous support throughout the research process. The authors also thank 

all individuals and institutions who provided assistance, insights, and facilities that supported the successful 

completion of this study. 

 

AUTHOR CONTRIBUTIONS 

Dwi Anggi Ramadhani was responsible for the research design, data collection, data analysis, and 

manuscript preparation. Ismet, as the first supervisor, contributed to conceptual development, research 

methodology guidance, and critical review of the manuscript. Ketang Wiyono, as the second supervisor, 

provided academic supervision, validation of research procedures, and revisions to improve the quality and 

clarity of the manuscript. All authors have read and approved the final version of the manuscript. 

 

CONFLICTS OF INTEREST 

The author(s) declare no conflict of interest. 

 

USE OF ARTIFICIAL INTELLIGENCE (AI)-ASSISTED TECHNOLOGY 

The authors declare that no artificial intelligence (AI) tools were used in the generation, analysis, or 

writing of this manuscript. All aspects of the research, including data collection, interpretation, and manuscript 

preparation, were carried out entirely by the authors without the assistance of AI-based technologies.  

 

REFERENCES 
[1] B. Salsabila, A. Akhyar, A. Setiawan, and D. A. Chandra, “Pemanfaatan augmented reality (AR) sebagai media 

pembelajaran kelas VII SMPN 1 Rambah [Utilization of augmented reality (AR) as a learning medium for class VII 

SMPN 1 Rambah],” J. Educ., vol. 6, no. 1, 2023, doi: 10.31004/joe.v6i1.3002.  

[2] A. D. Rahmat, H. Kuswanto, I. Wilujeng, and R. Perdana, “Implementation of mobile augmented reality on physics 

learning in junior high school students,” J. Educ. e-Learning Res., vol. 10, no. 2, 2023, doi: 10.20448/jeelr.v10i2.4474. 
[3] C. Muali, P. Setyosari, Purnomo, and L. Yuliati, “Effects of mobile augmented reality and self-regulated learning on 

students’ concept understanding,” Int. J. Emerg. Technol. Learn., vol. 14, no. 22, 2020, doi: 10.3991/ijet.v15i22.16387. 

[4] A. D. M. Acosta, S. A. S. Hernandez, and J. C. G. Henao, “Augmented reality as didactic strategy for facilitate the 

learning of the solar system,” in Conference Proceedings - IEEE Games, Multimedia, Animation and Multiple 
Realities, GMAX 2020, 2020, doi: 10.1109/GMAX49668.2020.9256839. 

[5] M. P. Azizah and R. H. P. Sejati, “Penerapan teknologi augmented reality sebagai media pembelajaran interaktif tata 

surya [Application of augmented reality technology as an interactive learning medium for the solar system],” Edumatic 

J. Pendidik. Inform., vol. 7, no. 2, 2023, doi: 10.29408/edumatic.v7i2.22531 
[6] M. A. Putra, M. Madlazim, and E. Hariyono, “Exploring augmented reality-based learning media implementation in 

solar system materials,” IJORER  Int. J. Recent Educ. Res., vol. 5, no. 1, 2024, doi: 10.46245/ijorer.v5i1.440. 

[7] M. I. M. Ariff, M. L. H. Rohaizi, K. A. Salleh, J. A. Wahab, N. L. Adam, and N. I. Arshad, “Augmented reality 

application for solar system learning: A research in progress,” in TENSYMP 2021 - 2021 IEEE Region 10 Symposium, 
2021, doi: 10.1109/TENSYMP52854.2021.9550832.  

[8] S. Syskowski, S. Wilfinger, and J. Huwer, “Impact and classification of augmented reality in science experiments in 

teaching a review,” Educ. Sci., vol. 14, no. 7, 2024, doi: 10.3390/educsci14070760.  

[9] N. Athiyah, A. Khobir, and J. Rini, “Augmented reality (AR) learning: Improving students memory in science learning 
at the elementary school level,” vol. 3, no. 2, pp. 152–164, 2024, doi: 10.56630/mes.v3i2.273. 

[10] A. A. K. M. Sukmawati, I. G. W. Sudatha, and I. K. E. Yudiana, “Augmented reality media about the solar system to 

improve learning outcomes of fourth grade elementary school students,” vol. 9, no. 2, pp. 380–390, 2025, doi: 

10.23887/jet.v9i2.91122. 
[11] R. S. Tresnawati, D, Fatimah DDS, “The introduction of solar system using augmented reality technology,” In Journal 

of Physics: Conference Series (Vol. 1402, No. 7, p. 077003). IOP Publishing. 2019, doi: 10.1088/1742-

6596/1402/7/077003. 

[12] N. Zaki and N. K. Majid, “Augmented reality (AR) solar system objects based on marker-based 3D,” vol. 1, no. 3, pp. 
109–115, 2023, doi: 10.60005/coreid.v1i3.17.  

[13] R. H. Duit, and D. F. Treagust, “Conceptual change: Still a powerful framework for improving the practice of science 

instruction,” In Issues and challenges in science education research: Moving forward (pp. 43-54). Dordrecht: Springer 
Netherlands. 2012, doi: 10.1007/978-94-007-3980-2_4. 

[14] A. A. H. Alkurdi, “Educational augmented reality solar system,” Acad. J. Nawroz Univ., vol. 9, no. 3, 2020, doi: 

10.25007/ajnu.v9n3a839. 

[15] F. Arici, R. M. Yilmaz, and M. Yilmaz, “Affordances of augmented reality technology for science education: Views of 
secondary school students and science teachers,” Hum. Behav. Emerg. Technol., vol. 3, no. 5, pp. 1153-1171, 2021, 

doi: 10.1002/hbe2.310.  

[16] U. G. Durukan, E. Turan Güntepe, and N. Dönmez Usta, N”Evaluation of the effectiveness of augmented reality-based 

teaching material: The solar system,” International Journal of Human–Computer Interaction, vol. 39, no. 12, pp. 2542-
2556, 2023, doi: 10.1080/10447318.2022.2121041. 

[17] K. Martin Sagayam, A. J. Timothy, C. C. Ho, L. E. Henesey, and R. Bestak, “Augmented reality-based solar system for 



                ISSN: 2716-3725 

In. Sci. Ed. J, Vol. 7, No. 1, January 2026:  01 – 09 

8 

e-magazine with 3-D audio effect,” International Journal of Simulation and Process Modelling, vol. 15, no. 6, pp. 524-

534, 2020, doi: 10.1504/IJSPM.2020.112460. 

[18] D. Kamińska, G. Zwoliński, A. Laska-Leśniewicz, R. Raposo, M. Vairinhos, E. Pereira, F. Urem, M. L. Hinic, R. E. 
Haamer amd G. Anbarjafari, “Augmented reality: Current and new trends in education,” Electronics, vol. 12, no. 16, 

pp. 3531, 2023, doi: 10.3390/electronics12163531. 

[19] D. Nursyaidah, D. Rochintaniawati, N. Winarno, and R. A. Sihombing, “Bringing space into the classroom: An AR-

Integrated E-Book on the solar system for students in elementary school,” vol. 11, no. 8, pp. 498–507, 2025, doi: 
10.29303/jppipa.v11i8.12562. 

[20] M. Septiani, M. M. Nurzaelani, M. I. Pahlevi, and P. E. Sevtiyuni, “Augmented reality learning media based on android 

for sciences in elementary schools,” vol. 172, no. Siconian 2019, pp. 717–723, 2020, doi: 10.2991/aisr.k.200424.109. 

[21] H. Pradibta, U. Nurhasan, and M. D. A. Rizaldi, “Implementation of multimarker augmented reality on solar system 
simulations,” Matrix  J. Manaj. Teknol. dan Inform., 2021, doi: 10.31940/matrix.v11i3.130-139. 

[22] S. Dutt, Y. Singh, A. Singh, A. Kumar, D. Harsha, and D. Kumar, “Augmented Reality: Application of ICT tools for 

innovative pedagogy,” In ICT Analysis and Applications: Proceedings of ICT4SD 2022 (pp. 553-561). Singapore: 

Springer Nature Singapore, 2022, doi: 10.1007/978-981-19-5224-1_56. 
[23] Sugiyono, Metode Penelitian Kuantitatif, Kualitatif, dan R&D [Quantitative, Qualitative, and R&D Research 

Methods]. Bandung: Alfabeta, CV, 2017. 

[24] R. R. Hake, “Analyzing change/gain scores,” Unpubl.  

[25] T. P. Socrates and F. Mufit, “Efektivitas penerapan media pembelajaran fisika berbasis augmented reality: Studi 
literatur [Effectiveness of applying augmented reality-based physics learning media: Literature study],” EduFisika J. 

Pendidik. Fis., vol. 7, no. 1, 2022, doi: 10.59052/edufisika.v7i1.19219. 

[26] L. Sati, D. T. Kurniawan, and Y. T. Herlambang, “Implementasi media pembelajaran solar system augmented reality 

view (SoLAR View) pada pembelajaran IPA materi sistem tata surya terhadap pemahaman konsep [Implementation of 
the solar system augmented reality view (SoLAR View) learning media in science learning on solar system material 

towards understanding the concept],” INKUIRI J. Pendidik. IPA, vol. 13, no. 2, p. 205, 2024, doi: 

10.20961/inkuiri.v13i2.86472. 

[27] H. Y. Chang, T. Binali, J. C. Liang, G. L. Chiou, K. H. Cheng, S. W. Y. Lee, and C. C. Tsai, “Ten years of augmented 
reality in education: A meta-analysis of (quasi-) experimental studies to investigate the impact,” Computers & 

Education, vol. 191, pp. 104641, 2022, doi: 10.1016/j.compedu.2022.104641. 

[28] Z. Zufahmi, F. Rohman, and M. S. Sari, “Augmented reality in science learning: A systematic literature review,” JPBI 

(Jurnal Pendidik. Biol. Indones., vol. 11, no. 1, pp. 274–291, 2025, doi: 10.22219/jpbi.v11i1.38570.  
[29] S. Talitha, Y. Mulyati, and K. Kurniawan, “Multimodal learning module based on augmented reality technology to 

enhance students’ information and digital literacy,” Jurnal Sosioteknologi, vol. 24, no. 3, pp. 347–360, 2025, doi: 

10.5614/sostek.itbj.2025.24.3.5. 

[30] F. Arena, M. Collotta, G. Pau, and F. Termine, “An overview of augmented reality,” Computers, vol. 11, no. 2, pp. 28, 
2022, doi: 10.3390/computers11020028. 

[31] A. Husna, I. Risdiyanti, Y. Yanto, I. Hamidah, and R. Handican, “Enhancing conceptual understanding and learning 

interest in geometry through augmented reality-based learning media,” JDIME: Journal of Development and 

Innovation in Mathematics Education, vol. 3, no. 1, pp. 11–21, 2025, doi: 10.32939/jdime.v3i1.5072. 
[32] C. E. Mendoza-Ramírez, J. C. Tudon-Martinez, L. C. Félix-Herrán, J. D. J. Lozoya-Santos, and A. Vargas-Martínez, 

“Augmented reality: Survey,” Applied Sciences, vol. 13, no. 18, pp. 10491, 2023, doi: 10.3390/app131810491. 

[33] B. D. Kusumaningrum, M. S. Hayat, and Sumarno, “The future of science learning: Meta-analysis of the effectiveness 

of augmented reality in enhancing critical thinking,” J. Penelit. Pendidik. IPA, vol. 11, no. 5, pp. 1055–1062, 2025, doi: 
10.29303/jppipa.v11i5.11071. 

[34] R. Ariefka, R. N. Fauziah, and A. Saputri, “Augmented reality in solar system learning at primary school level in 

Indonesia: A systematic literature review,” Al-Marshad J. Astron. Islam dan Ilmu-Ilmu Berkaitan, vol. 9, no. 2, pp. 

102–113, 2023, doi: 10.30596/jam.v9i2.16504.  
[35] S. Markos Siahaan, E. Astra Patriot, S. Scristia, H. Helen, U. Kalsum, and R. Elsa Putri, “The validity and practicality 

of augmented reality-based media development on science matter,” J. Pendidik. MIPA, vol. 24, no. 4, pp. 717–729, 

2023, doi: 10.23960/jpmipa/v24i4.pp717-729.  

[36] J. Cabero, and J. Barroso, “The educational possibilities of Augmented Reality,” Journal of New Approaches in 
Educational Research, vol. 5, no. 1, pp. 44-50, 2016, doi: 10.7821/naer.2016.1.140. 

[37] Y. Vari, Sarwanto, and S. Yamtinah, “Development of inquiry-based solar system augmented reality science learning 

media,” J. Penelit. Pendidik. IPA, vol. 9, no. 12, 2023, doi: 10.29303/jppipa.v9i12.4529.  

[38] A. M. Al-Ansi, M. Jaboob, A. Garad, and A. Al-Ansi, “Analyzing augmented reality (AR) and virtual reality (VR) 
recent development in education,” Social Sciences & Humanities Open, vol. 8, no. 1, pp. 100532, 2023, doi: 

10.1016/j.ssaho.2023.100532. 

[39] Iatraki, G., & Mikropoulos, T. A. (2022). Augmented reality in physics education: Students with intellectual disabilities 
inquire the structure of matter. PRESENCE: Virtual and Augmented Reality, 31, 89-106, 2022, doi: 

10.1162/pres_a_00374. 

[40] S. Cai, C. Liu, T. Wang, E. Liu, and J. C. Liang, “Effects of learning physics using Augmented Reality on students’ 

self‐efficacy and conceptions of learning,” British Journal of Educational Technology, vol. 52, no. 1, pp. 235-251, doi: 
10.1111/bjet.13020. 

[41] A. W. Prananta, M. Afifudin, and A. Biroli, “Augmented reality for science learning in the 21 st century: Systematic 

literature review,” vol. 10, pp. 38–44, 2024, doi: 10.29303/jppipa.v10iSpecialIssue.8099.  

[42] Y. A. Alkhabra, U. M. Ibrahem, and S. A. Alkhabra, “Augmented reality technology in enhancing learning retention 
and critical thinking according to STEAM program,” Humanities and Social Sciences Communications, vol. 10, no. 1, 



In. Sci. Ed. J ISSN: 2716-3725  

Solar System Learning Innovation through Augmented Reality: Increasing Student … (Anggi Ramadhani) 

9 

pp. 1-10, 2023, doi: 10.1057/s41599-023-01650-w. 

[43] A. Mardian and S. Mahanal, “Improving students’ digital literacy through an AR-assisted e-module on fruit and seed 

morphology using the RICOSRE model,” Edubiotik: Jurnal Pendidikan, Biologi dan Terapan, vol. 10, no. 01, pp. 320–
331, 2025, doi: 10.33503/ebio.v10i01.1299.  

[44] F. Azzahra, N. Ayu, K. Dewi, and K. Kunci, “Analysis of the effectiveness of using augmented reality (AR) on science 

learning in elementary schools: A systematic literature review,” vol. 8, no. 3, pp. 141–149, 2024, doi: 

10.23887/jpai.v8i3.79804. 
[45] D. F. Ali, M. Omar, A. H. Abdullah, N. H. Ibrahim, M. Mokhtar, N. M. Zaid, and N. Johari, “(5) years into augmented 

reality technology in education: Research trends, bibliometric study and its application to enhance visualization 

skills,” WSEAS Transactions on Systems and Control, vol. 16, pp. 253-260, doi: 10.37394/23203.2021.16.21. 

[46] R. Fern and L. Delgado-mart, “applied sciences Augmented Reality as a Didactic Resource for Teaching Mathematics,” 
Applied Sciences, vol. 10, no. 7, pp. 2560, 2020, doi: 10.3390/app10072560. 

[47] N. Mansour, C. Aras, J. K. Staarman, and S. B. M. Alotaibi, “Embodied learning of science concepts through 

augmented reality technology,” Education and Information Technologies, vol. 30, no. 6, pp. 8245-8275, 2025, doi: 

10.1007/s10639-024-13120-0. 
[48] A. H. Sholeh M, Fatkhiyah E, “Developing an augmented reality application as instruction media to help in learning the 

solar system,” International Journal of Advances in Data and Information Systems, vol. 4, no. 1, pp. 20-28, 2023, doi: 

10.25008/ijadis.v4i2.1264. 

[49] Y. A. Alkhabra, U. M. Ibrahem, and S. A. Alkhabra, “Augmented reality technology in enhancing learning retention 
and critical thinking according to STEAM program,” Humanities and Social Sciences Communications, vol. 10, no. 1, 

pp. 1-10, 2023, doi: 10.1057/s41599-023-01650-w. 

[50] I. J. Anzuye, A. Asrizal, H. Amir, and S. Riyasni, “Effects of science augmented reality learning media on student 

learning outcomes: A meta analysis,” Indo-MathEdu Intellectuals J., vol. 6, no. 3, pp. 4618–4624, 2025, doi: 
10.54373/imeij.v6i3.3330.  


