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Abstract: This study was motivated by the low level of knowledge and skills 
among early childhood students in earthquake mitigation, partly due to 
uninteresting learning media and a low level of integration of the latest 
technology. The aim of this study was to develop augmented reality-based 
science learning media to improve earthquake mitigation preparedness 
among early childhood students. The research employs the R&D Gall, Gall, 
and Ball development model with nine stages, involving validation by three 
experts (content, media, and instruments) and a pilot test with participants 
from Group B of Qatrinnada Kindergarten in Padang City. Data were 
collected through observation, questionnaires, and documentation, then 
analyzed using validity, practicality, effectiveness, N-gain, and paired sample 
t-test analyses. Validation results showed high validity for the material 
(89.23%) and instruments (86%), and validity for the media (76%). The media 
was deemed highly practical (92.30%) and provided knowledge improvement 
with moderate N-gain values for the small class (0.69) and large class (0.58). 
The t-test revealed a significant difference between pretest and posttest scores 
(sig. 0.000 < 0.05). Therefore, the augmented reality-based science learning 
media developed is effective in enhancing earthquake mitigation readiness 
among young children. 
 
Keywords: Augmented Reality; Earthquake Mitigation; Early Childhood; 
Science Learning Media 

  

Introduction  
 

Indonesia is located on the Pacific Ring of Fire, 
making it one of the countries with the highest risk of 
earthquakes in the world (Hamdi et al., 2022; Haoying et 
al., 2025; Roza,. 2024). These disasters can occur 
suddenly and have a major impact on the safety of lives, 
infrastructure, and the psychological well-being of the 
community (M. H. Hamdi, 2024; M. Hamdi, Yusra, et al., 
2022; Rasimin & Hamdi, 2021). Young children are a 
highly vulnerable group to the impacts of earthquakes 
due to their limited cognitive abilities, motor skills, and 
experience in handling emergency situations (M. Hamdi 

et al., 2022; Meichika & Yaswinda, 2025; Natari et al., 
2025). Previous research has shown that disaster 
preparedness education from an early age can 
significantly reduce the risk of loss of life and strengthen 
community resilience (Helena et al., 2024; Nafadhila & 
Mahyuddin, 2025; Pratiwi & Yaswinda, 2024). 

However, the implementation of disaster 
mitigation education in early childhood education 
institutions still faces various challenges. The learning 
media used tend to be conventional, less interactive, and 
have not optimized the potential of modern learning 
technology (Jasmanedi et al., 2025; Prasetyo et al., 2024; 
Prasetyo et al., 2024; Rinaldi et al., 2025). The 
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development of augmented reality (AR) technology 
offers new opportunities to create immersive, interactive 
learning experiences that are appropriate for children's 
developmental characteristics (Indika et al., 2023; 
Nyoman et al., 2024; Padli et al., 2024; Sari, Indika, et al., 
2025). AR has been proven to enhance learning 
motivation, conceptual understanding, and practical 
skills across various educational levels; however, its 
application in the context of earthquake mitigation for 
young children remains limited (Hidayat et al., 2025; 
Ilham et al., 2024; Sari et al., 2023; Sari  et al., 2023).  

Although various studies have proven the 
effectiveness of augmented reality in improving 
engagement and understanding of learning concepts , 
most studies focus on elementary or secondary school 
students, with little attention paid to early childhood 
education (PAUD) (Helena et al., 2024; Meichika & 
Yaswinda, 2025; Natari et al., 2025; Pratiwi & Yaswinda, 
2024). In addition, existing research generally only 
assesses the feasibility of the media without testing its 
practicality and effectiveness comprehensively, 
especially in the context of earthquake mitigation. In 
Indonesia, no studies have specifically integrated AR 
with earthquake mitigation content tailored to the 
cognitive, affective, and psychomotor developmental 
characteristics of early childhood, let alone those based 
on local contexts such as the city of Padang, which has a 
high vulnerability to disasters (Nafadhila & Mahyuddin, 
2025; Salwa & Mahyuddin, 2025). 

This study fills this gap by developing AR-based 
science learning media specifically designed to improve 
earthquake mitigation preparedness in early childhood. 
The uniqueness (novelty) of this study lies in the 
application of Gall, Gall, and Ball's Research and 
Development (R&D) model, which includes stages of 
expert validation of materials, media, and instruments, 
limited trials, and extensive trials. The developed media 
were not only evaluated for feasibility but also for 
practicality and effectiveness through N-gain analysis 
and paired sample t-tests, thereby generating 
comprehensive empirical evidence regarding the impact 

of AR use on enhancing disaster preparedness among 
young children in early childhood education settings. 

Thus, the purpose of this study is to develop, 
validate, and test the effectiveness of augmented reality-
based science learning media as an innovative strategy 
to improve earthquake mitigation preparedness in early 
childhood. This study is expected to contribute to the 
international literature in the field of technology-based 
disaster education, as well as offer practical solutions for 
educators and policymakers. 

 

Method  
 
Research Methods 

This research is research and development (R&D). 
The focus of the development research is the creation of 
educational products that can be used to develop and 
validate educational products. The purpose of this 
research is to create augmented reality-based science 
learning media that can help early childhood education 
students at Qatrinnada Kindergarten in Padang City to 
be better prepared to deal with earthquakes. 
 
Research Procedure 

This study adapts the development model 
proposed by Gall and Borg (Az-Zahra et al., 2025), which 
consists of nine stages, namely: (1) Assess needs to 
identify goals or conduct a needs analysis to identify 
goals; (2) Conduct instructional analysis to analyze 
learning materials; (3) Analyze learners and context to 
analyze learner characteristics and the learning context; 
(4) Write performance objectives or formulate 
measurable learning objectives; (5) Develop assessment 
instruments to create assessment tools; (6) Develop 
instructional strategies or design learning strategies; (7) 
Develop and select instructional materials to develop 
and select learning media; (8) Design and conduct 
formative evaluation of instruction or carry out 
formative evaluation; and (9) Revise instruction to revise 
the product based on evaluation results. 10) Design and 
Conduct Summative Evaluation. Figure 1 provides a 
detailed explanation. 

 
Figure 1. Gall, Gall, and Ball Development Model 
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Research Subject 
The research subjects consisted of students in 

Group B at Qatrinnada Kindergarten in Padang City, 
involving three experts as validators, namely a subject 
matter expert, a media expert, and an instrument expert. 
The development process focused on creating 
augmented reality-based science learning media as a 
means of improving earthquake mitigation 
preparedness in early childhood. 

 
Focus on Model Development 

The material in augmented reality (AR)-based 
science learning media focuses on earthquake mitigation 
preparedness, covering basic concepts, causes, signs, 
mitigation instructions through interactive simulations, 
and reflective questions to reinforce children's 
understanding. This media is equipped with 
animations, images, and audio to attract interest in 
learning, so that it is expected to improve children's 
science skills. Based on Piaget's theory, children aged 5–
6 years are in the concrete operational stage of cognitive 
development, so media that can overcome spatial and 
temporal limitations, align with developmental 
characteristics, and adhere to early childhood learning 
principles are necessary. The content is designed to 
provide contextual and enjoyable learning experiences 
while instilling earthquake preparedness skills 
(Ummayah et al., 2025). 
 
Data Analysis 

This study’s data analysis covered teacher 
responses, student learning effectiveness, and validation 
of Augmented Reality (AR)-based science learning 
media. Teacher responses were collected using a five-
point Likert scale questionnaire (Sari et al., 2025; Selviani 
et al., 2025) and analyzed descriptively by calculating 
feasibility percentages based on set criteria. Student 
learning effectiveness was evaluated through classroom 
observations using the same scale, with results 
expressed as percentages, categorized by success level, 
and tested for pretest–posttest differences using a paired 
t-test. Expert validation used a five-point Likert scale 
questionnaire and Aiken’s V formula (Gong et al., 2024; 
Maulina & Suryana, 2023), with “Feasible” as the 
minimum requirement for use. All analyses, both 
descriptive and inferential, were performed using SPSS 
version 25 to ensure accurate calculations and clear 
result interpretation. 
 

Result and Discussion 
 
Media Validation 

The data from the media expert's assessment of the 
media aspects is shown in Table 1 below. 

 

Table 1. Data from Media Validator Assessment 
Indicator Score 

Presentation 24 
Display 14 
Total 38 
∑ 50 
Percentage 76% 

 
From the table above, it can be seen that the 

validation results for the appearance aspect obtained a 
total of 28 data points with an average of 4, with 76% 
falling into the acceptable and valid category. After 
conducting product validation tests on the visual 
appearance, media experts provided several general 
comments and suggestions for improving the design of 
the media products being developed. 

 
Large-Scale Trials 

The large-scale trial is a continuation of the small-
scale trial after improvements have been made. 
 
Table 2. Pre-test and Post-test Scores 
Pretest Description Posttest Description 

50,000 MB 96.4286 BSB 

 

 
Figure 2. Comparison of Pre-test and Post-test Tests 

 
Based on Table 2 and Figure 2 above, it can be seen 

that the results of the large-scale trial test show two 
different sets of data, namely the pretest and posttest 
scores. The average pretest score for 16 children was 
48.62, categorized as “Beginning to Develop” (MB). 
Meanwhile, the average posttest score was 78.06, falling 
into the “Very Good Development” (BSB) category. This 
indicates that the augmented reality-based science 
learning media has a very high level of effectiveness. 
 

The results of the N-Gain test are as follows: 

𝑁 − 𝑔𝑎𝑖𝑛 =  
𝑀𝑒𝑎𝑛 𝑝𝑜𝑠𝑡𝑡𝑒𝑠𝑡−𝑚𝑒𝑎𝑛 𝑝𝑟𝑒𝑡𝑒𝑠𝑡

𝑀𝑎𝑥 𝑆𝑘𝑜𝑟−𝑚𝑒𝑎𝑛 𝑝𝑟𝑒𝑡𝑒𝑠𝑡
 (1) 

 

𝑁 − 𝑔𝑎𝑖𝑛 =  
78.06 −(48.62

100 −  (48.62)
  

 
N - gain = 0.58 
 

The N-Gain test results obtained an N-Gain score 
for earthquake mitigation readiness in children in large-
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scale trials of 0.58, indicating that the development of 
augmented reality-based science learning media for 
earthquake mitigation readiness at Qatrinnada 
Kindergarten in Padang City is in the moderate 
category. 
 
Table 3. Normality Test Results 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Pre .164 14 .200* .901 14 .116 
Post .106 14 .200* .956 14 .655 

*. This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 

 
Table 4. Test of Homogeneity of Variances 

Earthquake Mitigation 

Levene Statistic df1 df2 Sig. 
2.876 1 26 .102 

 
Based on Table 3, the normality test value for the 

pretest is 0.116 > 0.05 and for the posttest is 0.655 > 0.05, 
so H0 is accepted. Therefore, it can be concluded that the 
data is normally distributed. Based on Table 4, the 
homogeneity test value = 0.102 > 0.05, so H0 is accepted. 
Therefore, it can be concluded that the data is 
homogeneous. 

 
Table 5. Results of Paired Sample t-test 

Paired Differences 

t df Sig. (2-tailed) 

Mean 

Std. 
Deviation 

95% CI 

Lower Upper 

-9.214 3.468 -11.217 -7.212 -9.941 13  ..000 

 
Based on Table 5, the sig. (2-tailed) value is 0.000 < 

0.05 with α = 0.05. Therefore, the decision is to reject H0, 
meaning that there is a difference in the mean values 
between the pre-test and post-test scores for children's 
earthquake mitigation readiness in the large-scale 
classroom trial. The results of this data analysis indicate 
that the development of science-based augmented 
reality learning media for earthquake mitigation 
readiness at Qatrinnada Kindergarten in Padang City is 
significant. 
 
Validity of Science Learning Media Based on Augmented 
Reality 

The validation results by subject matter experts and 
media experts indicate that the science learning media 
based on augmented reality (AR) for earthquake 
mitigation readiness falls into the highly valid category. 
This validity is attributed to the alignment of the 
material with the Early Childhood Education (ECE) 
curriculum, the integration of learning objectives, and 
the relevance to the developmental characteristics of 
young children in understanding natural disaster 
concepts. 

In terms of design, the use of color composition, 
font size, layout, and color gradients improves 
readability and attractiveness, aligning with effective 
instructional design principles (Lever et al., 2025; Paes et 
al., 2024). The use of simple language, clear illustrations, 
and audio support further enhances children's 
comprehension, supporting Garg et al, (2025) findings 
on the effectiveness of visual-audio integration in 
increasing cognitive engagement. 
 
Effectiveness in Small-Scale Trials 

Large-scale trials have shown that augmented 
reality can improve earthquake mitigation preparedness 
among young children. This effectiveness is due to the 
attractive design of augmented reality, in terms of color 
selection, story development, and interactive elements 
such as accompanying audio. Children responded 
enthusiastically, showing high levels of interest and 
curiosity toward the augmented reality (Kheildar et al., 
2025; Ying et al., 2025). The importance of developing 
AR media in earthquake mitigation learning lies in its 
ability to present complex information in a more 
interactive and easily understandable way for children 
(Qi et al., 2025). 

Through AR, basic concepts such as the causes of 
earthquakes and the mitigation steps that need to be 
taken can be presented visually, dynamically, and 
enjoyably. Children can interact directly with virtual 
objects that depict earthquakes and how to deal with 
them safely. This is in line with research conducted by 
(Demiray et al., 2025). Learning media is a medium that 
facilitates and is a very important part of teaching and 
learning activities. Learning media in early childhood 
education must be attractive and able to stimulate all 
aspects of children's development. AR provides safe yet 
realistic simulations, consistent with experiential 
learning principles (Rekabi et al., 2025; Wahid et al., 
2025) that emphasize learning through direct 
experience. The interactive visualizations made abstract 
concepts concrete, facilitating understanding and 
retention (M. Hamdi, 2016; Suryana & Kurnia, 2025; 
Suryana et al., 2024). 

The findings of this study are in line with several 
studies that confirm that AR is an effective learning 
medium for improving the quality of learning in early 
childhood education. Furthermore, the results of this 
study support the view that learning media should have 
attractive, interactive characteristics and be able to 
stimulate all aspects of child development. Thus, this 
study contributes to the literature on early childhood 
education technology, particularly in the context of 
disaster education, and opens up opportunities for the 
development of technology-based media that are 
adaptive to the needs and developments of the times. 
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The development of augmented reality The development of augmented reality-based 
science learning media that has been developed will be 
presented in Figure 3 below. 

 
1. Introduction 

 

2. How to use AR 

 

3. Basic concepts of 
earthquakes 

 

4. First, introduce how 
to take shelter when 
indoors. 

 

5. Protect your head 

 

6. Stay away from 
doors, windows, and 
glass objects. 

 

7. Ketika gempa 
berhenti bukalah 
pintu & jendela 

 

8. When the 
earthquake stops, 
immediately evacuate 
to an open area. 

 

9. Avoid broken glass 

 

10. Avoid cracked 
walls and fences 

 

11. Evacuation symbol 

 

12. When you reach 
the evacuation route, 
check that all your 
friends are present. 

 

13. Disaster response 
officer, SAR team 

 

 

14. Soldier 

 

15. Closing 

 

Figure 3. Final Media Product 
 

The results of this study have important 
implications for the development of learning media at 
the Early Childhood Education (PAUD) level, 
particularly in disaster mitigation education. The use of 
augmented reality (AR) has proven effective in 

presenting complex information, such as the causes and 
mitigation measures for earthquakes, in a simpler, more 
engaging, and interactive manner (Nafadhila & 
Mahyuddin, 2025). With this approach, children can 
gain learning experiences that resemble real-life 
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situations without facing risks, thereby developing 
preparedness skills from an early age. Integrating AR 
into the PAUD curriculum can serve as an innovative 
strategy to foster sustainable disaster awareness and 
contribute to the development of a generation better 
equipped to handle future disaster risks.  

Although showing positive results, this study has 
several limitations. First, the sample size is relatively 
small, so the findings of this study cannot be generalized 
widely. Second, the use of technological devices such as 
projectors, loudspeakers, and gadgets is an important 
factor in the successful implementation of media, so 
schools with limited facilities may face obstacles in its 
application. Third, the developed media focuses on a 
single type of disaster, namely earthquakes, so its 
effectiveness for other types of disasters still needs to be 
tested through further research. These limitations 
present an opportunity for future research that can test 
the effectiveness of similar media with a broader scope 
of disasters and involving a larger number of 
participants. 
 

Conclusion  

 
This study produced a highly valid and usable 

augmented reality (AR)-based science learning medium 
to improve earthquake mitigation preparedness among 
early childhood students at Qatrinnada Kindergarten in 
Padang City. Validation by subject matter experts and 
media experts showed that the content, learning 
objectives, and graphic design were appropriate and 
supported children's engagement in the learning process 
(Gong et al., 2024). Trials in small and large classes 
proved that the use of AR media can improve children's 
knowledge, skills, and awareness in dealing with 
earthquakes through engaging, interactive learning 
experiences that are appropriate for the cognitive 
development of young children. These findings confirm 
that the integration of AR technology in disaster 
mitigation education in early childhood education can 
be an effective innovative strategy in building 
preparedness from an early age. Although this study has 
limitations, such as a small sample size and reliance on 
technological devices, the results open opportunities for 
the development of similar media for other types of 
disasters and their application in various educational 
contexts. Thus, AR-based learning media are not only 
theoretically relevant but also have high practical 
potential to support disaster education in Indonesia. 
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