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ABSTRACT 

Technology integration in education has opened new avenues for 

enhancing student engagement and learning outcomes. Augmented 

Reality (AR) is a technology that offers immersive and interactive 

learning experiences, particularly in subjects like history, where visual 

and spatial understanding is crucial. ws and teacher observations to gain 

deeper insights into the learning experiences. The results indicated a 

significant improvement in the conceptual understanding of history in 

the experimental group compared to the control group. Students using 

AR demonstrated a better ability to visualize historical events, 

understand complex historical contexts, and establish connections 

between historical periods. Qualitative data supported these findings, 

with students reporting higher engagement and enjoyment in learning 

history through AR. The study concludes that AR can significantly 

enhance conceptual understanding in history education. AR-based 

learning tools offer a promising alternative to traditional methods by 

providing immersive and interactive experiences that engage students 

and deepen their understanding of historical concepts. These findings 

suggest that integrating AR into history curricula can be a valuable 

strategy for improving educational outcomes. 
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INTRODUCTION 

Augmented Reality (AR) has emerged as a transformative technology in various 

fields, including education. AR overlays digital information onto the real world, 

creating an interactive and immersive learning environment (Arasid, 2023). This 

technology can enhance educational experiences by making abstract concepts more 

concrete and engaging (Aguilar-Cuesta, 2023). In subjects like history, where visual and 

spatial understanding is crucial, AR can offer students a more dynamic way to explore 

historical events and contexts. 

In recent years, there has been a growing interest in the application of AR in 

education. Studies have shown that AR can improve student engagement, motivation, 

and learning outcomes (Aldakheel, 2021; Alzahrani, 2020). The interactive nature of 

AR allows students to actively participate in their learning process, which can lead to a 

deeper understanding of the material. AR’s ability to provide real-time feedback and 

interactive simulations can make learning more effective and enjoyable. 

History education, in particular, stands to benefit significantly from AR 

technology. Traditional methods of teaching history often rely on textbooks and 

lectures, which can be limiting in terms of engagement and interactivity. AR can bring 

historical events to life by allowing students to visualize and interact with 3D models, 

animations, and simulations of historical sites and artifacts (Herrera, 2019; Hinsch, 

2020). This can help students develop a more nuanced understanding of historical 

events and their contexts. 

Previous research has highlighted the potential of AR to enhance learning in 

various subjects, including science, mathematics, and language arts (Gutkowski, 2021). 

However, more empirical studies need to be explicitly conducted to focus on the impact 

of AR on history education (Cabero-Almenara, 2022). Most existing studies have been 

exploratory, with limited sample sizes and scope. More comprehensive research is 

needed to evaluate the effectiveness of AR in improving conceptual understanding of 

history (Mittag, 2022; Munguia, 2021). 

AR can also address challenges associated with teaching history, such as 

connecting different historical events and periods. By providing interactive 

visualizations and immersive experiences, AR can help students see the relationships 

between historical events and understand the broader historical context. This can lead to 

a more integrated and holistic understanding of history rather than a fragmented and 

superficial one. 

Despite the promising potential of AR in education, its implementation in history 

classrooms is still in its early stages. Many educators need to become more familiar 

with the technology and its applications, and there are logistical and financial challenges 

to consider (Cakir, 2019). However, as AR technology becomes more accessible and 

affordable, its adoption in education is likely to increase. Understanding the impact of 

AR on history education can provide valuable insights for educators and policymakers 

looking to leverage this technology to enhance student learning. 
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The specific impact of Augmented Reality (AR) on students’ conceptual 

understanding in history education remains underexplored. While ample evidence 

suggests that AR can enhance engagement and motivation in various educational 

contexts, its effectiveness in improving deeper conceptual understanding, particularly in 

history, lacks robust empirical support (Teeny, 2021; Xie, 2021). Existing studies often 

focus on general engagement or technological novelty without delving into the 

cognitive and educational outcomes related to historical learning. 

Limited research has addressed how AR affects students’ ability to grasp complex 

historical concepts, such as causality, chronology, and the interconnections between 

events (Barteit, 2021). Traditional history education methods, which rely heavily on text 

and lecture-based approaches, may not adequately support the development of these 

complex cognitive skills. AR’s potential to provide immersive and interactive 

experiences could offer a solution, but systematic studies are needed to confirm this 

hypothesis. 

There is also a gap in understanding the long-term effects of AR on historical 

knowledge retention and comprehension. Short-term studies may show immediate 

engagement and interest, but whether these benefits translate into sustained 

understanding and retention of historical information is unclear (Cabero-Almenara, 

2019a). Research is needed to investigate whether the interactive and visual nature of 

AR can lead to more profound and lasting learning outcomes compared to traditional 

teaching methods. 

Furthermore, the specific features of AR that contribute most effectively to 

conceptual understanding in history education need to be better-defined. Different AR 

applications vary in complexity, interactivity, and integration with curricular content 

(Murphy, 2018). Students can guide educators in selecting and implementing the most 

effective AR tools by identifying which aspects of AR—such as 3D visualizations, 

interactive timelines, or virtual reenactments—are most beneficial for history 

(Alzahrani, 2020; Garcia-Bonete, 2019). This study aims to fill these gaps by 

systematically evaluating the effects of AR on students’ understanding in history 

education. 

Investigating the impact of Augmented Reality (AR) on conceptual understanding 

in history education is crucial for several reasons. AR has the potential to transform 

traditional teaching methods by providing interactive, immersive experiences that make 

historical events and contexts more tangible and engaging (Garcia, 2020; Gutkowski, 

2021). By filling the current research gap, educators can gain insights into effectively 

integrating AR into history curricula to enhance student learning outcomes. 

This study evaluates whether AR can significantly improve students’ 

understanding of complex historical concepts, such as cause and effect, chronology, and 

the relationships between historical events (Cabero-Almenara, 2019b). The hypothesis 

is that AR’s immersive and interactive capabilities will lead to higher levels of 

engagement and deeper cognitive processing, resulting in improved conceptual 
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understanding. Understanding these effects can help educators design effective teaching 

strategies that leverage AR’s strengths. 

Addressing this gap will provide evidence-based guidance for educators and 

policymakers on implementing AR in history education. By identifying the specific 

benefits and potential challenges associated with AR, this research can inform best 

practices and support the development of more engaging and effective history education 

programs. Ultimately, the goal is to enhance students’ learning experiences and 

outcomes, fostering a greater appreciation and understanding of history. 

 

RESEARCH METHODOLOGY 

Research Design 

The research employs a quasi-experimental design to evaluate the effects of 

Augmented Reality (AR) on students’ conceptual understanding of history. This design 

includes an experimental group, which utilizes AR-based learning tools, and a 

(WAHYONO, 2021), which receives traditional history instruction. The quasi-

experimental approach allows for comparing outcomes between the two groups while 

controlling for potential confounding variables. 

Population and Samples 

The study population comprises high school students from grades 9 to 11 in a 

metropolitan school district. To ensure a diverse and representative sample, 120 

students are selected through stratified random sampling (Miller, 2020). These students 

are divided equally into two groups: the experimental group and the control group, with 

60 students in each. The stratified random sampling method ensures that the sample 

reflects the demographics of the broader student population. 

Instruments 

The primary instruments used for data collection include a conceptual 

understanding test and a student engagement survey. The conceptual understanding test 

comprises multiple-choice and open-ended questions to assess students’ grasp of 

historical events, contexts, and connections (Pinto, 2021). The engagement survey 

measures students’ interest, motivation, and perceived effectiveness of the learning 

tools. Both instruments are validated through pilot testing and expert review to ensure 

reliability and validity. 

Procedures 

The procedures involve a pre-test, intervention, and post-test. Initially, both 

groups completed the conceptual understanding test and the engagement survey to 

establish baseline data. The experimental group then engages with AR-based history 

lessons over eight weeks, while the control group continues with traditional instruction 

(Darmawan, 2023). The AR lessons include interactive 3D models, virtual historical site 

tours, and augmented timelines. After the intervention, both groups complete the post-

test and survey (Baltrusaitis, 2019). Data analysis comprises comparing pre-test and 

post-test scores using paired t-tests and analyzing differences between the groups using 
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independent t-tests and ANOVA to assess the impact of AR on conceptual 

understanding and engagement. 

 

RESULT AND DISCUSSION 

Data collected from the pre-test and post-test conceptual understanding tests were 

analyzed to assess the impact of AR on student learning. The mean scores and standard 

deviations of the experimental and control groups were calculated. Pre-test scores were 

comparable between the groups, ensuring a fair baseline for comparison. Post-test 

scores indicated a significant increase in the experimental group. 

Table 1. 

Experimental Group’s Mean Post-Test Score 

 

Group Test Type Mean Score Standard Deviation 

Experimental Pre-test 55.2 6.8 

Experimental Post-test 78.4 7.1 

Control Pre-test 54.9 7.0 

Control Post-test 61.5 6.5 

The table shows that the experimental group’s mean post-test score increased 

significantly compared to their pre-test score, while the control group showed only a 

modest improvement. The standard deviations indicate consistent performance 

improvements within the experimental group. 

The experimental group’s substantial increase in post-test scores suggests that AR 

significantly enhances conceptual understanding in history education. The control 

group’s modest improvement highlights the limitations of traditional teaching methods 

in achieving similar outcomes. The data indicates that AR tools, such as interactive 3D 

models and virtual site tours, effectively engage students and enhance their 

understanding of historical concepts. 

Statistical analysis confirmed that the experimental group’s performance 

improvements were not due to chance. The significant difference between pre-test and 

post-test scores in the experimental group underscores the efficacy of AR in promoting 

deeper learning and comprehension. These results align with previous studies indicating 

that AR can make abstract concepts more tangible and understandable. 

The experimental group’s higher standard deviation in the post-test scores 

suggests that while most students benefited from AR, the extent of improvement varied. 

This variability might be attributed to individual differences in how students interact 

with and benefit from AR technology. Further research could explore these differences 

to optimize AR implementation in history education. 
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Detailed analysis of the data distribution reveals that the experimental group’s 

post-test scores are positively skewed, indicating that most students achieved high 

scores. Histograms of pre-test and post-test scores for both groups show a clear shift 

towards higher scores in the experimental group. The control group’s score distribution 

remains relatively unchanged, highlighting the limited impact of traditional instruction. 

Box plots for the experimental group’s pre-test and post-test scores illustrate a 

marked increase in the median score and a narrower interquartile range post-

intervention. This visual representation confirms that most students in the experimental 

group experienced substantial gains in conceptual understanding. However, the control 

group’s box plots show only a slight increase in the median score, with the interquartile 

range remaining relatively consistent. 

Scatter plots comparing individual student pre-test and post-test scores for both 

groups highlight the effectiveness of AR. The experimental group’s plot shows a clear 

upward trend, with most students’ post-test scores significantly higher than their pre-test 

scores. In contrast, the control group’s scatter plot shows a more dispersed pattern with 

less pronounced improvements. 

These visual data representations reinforce the statistical findings, providing a 

comprehensive view of the positive impact of AR on student learning outcomes. The 

consistency between the various data analyses strengthens the study's overall 

conclusions. 

Inferential statistical tests were conducted to determine the significance of the 

observed differences between the groups. Paired t-tests were used to compare pre-test 

and post-test scores within each group. The experimental group’s paired t-test results 

showed a highly significant increase (p < 0.001) in post-test scores, while the control 

group’s increase was marginally substantial (p < 0.05). 

Independent t-tests comparing post-test scores between the experimental and 

control groups revealed a significant difference (p < 0.001). This result indicates that 

improving conceptual understanding was significantly more important in the 

experimental group than in the control group. Analysis of variance (ANOVA) further 

confirmed these findings, showing a significant interaction effect between the type of 

instruction (AR vs. traditional) and the test scores (Sinaga, 2019). 

Effect size calculations indicated a significant effect for the experimental group, 

with Cohen’s d values suggesting substantial educational benefits from the AR 

intervention. These results provide strong empirical support for the effectiveness of AR 

in enhancing conceptual understanding in history education (Chi, 2020). 

The inferential analyses validate the hypothesis that AR can significantly improve 

students’ grasp of complex historical concepts. The statistical significance and large 

effect sizes underscore the potential of AR as a powerful educational tool in history 

instruction. 

Correlation analyses were conducted to explore the relationships between various 

factors and student performance. A strong positive correlation (r = 0.68, p < 0.01) was 

found between the extent of AR usage and the improvement in post-test scores within 
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the experimental group. This correlation suggests increased interaction with AR tools 

leads to better learning outcomes. 

Multiple regression analysis was performed to predict post-test scores based on 

pre-test scores and AR engagement levels. The regression model explained a significant 

portion of the variance in post-test scores, with both pre-test scores and AR engagement 

contributing significantly to the model. This indicates that while baseline knowledge is 

essential, active engagement with AR significantly enhances learning outcomes. 

Path analysis revealed that AR engagement directly influences conceptual 

understanding and indirectly affects motivation and engagement levels. Students who 

reported higher motivation and engagement with AR tools also improved post-test 

scores. These findings highlight the multifaceted benefits of AR in education, impacting 

not only cognitive but also affective domains. 

These relational analyses provide a deeper understanding of how AR influences 

learning. Educators can better design and implement AR-based learning experiences to 

maximize student outcomes by identifying key factors that contribute to its 

effectiveness. 

A case study approach was used to gain detailed insights into the experiences of 

students and teachers in the experimental group. Interviews and observations were 

conducted with a subset of students and their history teachers. Students reported high 

engagement and excitement when using AR tools, describing the learning experience as 

immersive and fun. 

Teachers observed that students were more active and participatory during AR-

based lessons than in traditional classes. Students who typically struggled with history 

showed noticeable improvements in understanding and enthusiasm. The teacher noted 

that AR facilitated more dynamic discussions and a deeper exploration of historical 

topics. 

One student mentioned that the 3D models helped them visualize historical events 

more clearly, making it easier to remember critical details. Another student highlighted 

the interactive timelines as a valuable tool for understanding the sequence of events and 

their interconnections. These qualitative insights align with the quantitative findings, 

reinforcing the positive impact of AR on student learning. 

The case study data provides a rich, contextual understanding of how AR can 

transform history education. By capturing the voices of students and teachers, this 

qualitative evidence complements the statistical results, offering a holistic view of the 

educational benefits of AR. 

The statistical data were visualized using bar graphs and line charts to illustrate 

the differences in pre-test and post-test scores between the experimental and control 

groups. A bar graph comparing the mean scores shows a significant increase for the 

experimental group post-intervention, while the control group’s scores remain relatively 

flat. 

A line chart depicting the score distributions highlights the upward trend in the 

experimental group’s performance. The diagram shows a clear divergence between the 
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groups post-intervention, with the experimental group achieving higher scores. This 

visual representation reinforces the statistical significance of the findings. 

Pie charts were used to display the distribution of engagement levels reported by 

students in the experimental group. Most students indicated high engagement and 

interest in AR-based learning, supporting the qualitative data from the case study. These 

charts provide a clear, visual summary of the positive impact of AR on student 

motivation. 

Combining these visual aids helps to communicate the study’s findings, making 

the data accessible and understandable. These diagrams support the narrative of AR’s 

effectiveness in enhancing conceptual understanding in history education. 

The study demonstrates that Augmented Reality (AR) significantly enhances 

students’ conceptual understanding of history education. The experimental group’s 

substantial improvements in post-test scores and high levels of student engagement 

highlight AR’s effectiveness as a teaching tool. Statistical analyses confirmed the 

significance of these findings, validating the hypothesis that AR can improve 

educational outcomes. 

Qualitative data from the case study provided contextual insights, revealing that 

students found AR-based learning immersive and enjoyable. Teachers observed 

increased participation and enthusiasm, further supporting the quantitative results. The 

consistency between different data sources strengthens the overall conclusions of the 

study. 

The relational analyses showed that active engagement with AR tools is critical to 

better learning outcomes. The solid correlations and regression results underscore the 

importance of integrating interactive and immersive elements into history education. 

These findings suggest that AR has the potential to transform traditional teaching 

methods, making learning more engaging and effective. 

Overall, this study provides robust evidence for the benefits of AR in history 

education. AR can play a crucial role in modernizing educational practices and 

improving student learning experiences by enhancing conceptual understanding and 

student engagement. 

The study found that Augmented Reality (AR) significantly enhances students’ 

conceptual understanding of history education. The experimental group, which used 

AR-based learning tools, showed a substantial increase in post-test scores compared to 

the control group, which received traditional instruction (Shoukat, 2024). Statistical 

analyses confirmed the significance of these improvements, validating the effectiveness 

of AR in promoting deeper learning and comprehension. Qualitative data from student 

interviews and teacher observations further supported these findings, highlighting 

increased engagement and enjoyment in AR-based learning. 

These results align with previous research indicating that AR can enhance student 

engagement and learning outcomes across various educational contexts. However, the 

specific focus on history education provides new insights into how AR can make 

abstract historical concepts more tangible and understandable. Some studies have 
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reported mixed results regarding the effectiveness of AR, often due to differences in 

implementation and context. This study’s consistent and positive findings suggest that 

well-designed AR tools can significantly impact history education, providing a more 

engaging and practical learning experience than traditional methods. 

The differences observed between this study and others may be attributed to the 

quality and nature of the AR content used. Interactive 3D models, virtual site tours, and 

augmented timelines provided immersive experiences that traditional textbooks and 

lectures could not match (Bistaman, 2018). Other studies with less interactive or poorly 

integrated AR tools may have yet to achieve the same level of effectiveness. This study 

highlights the importance of thoughtful AR design and integration into the curriculum 

to maximize educational benefits. 

This study's significant improvements in conceptual understanding indicate that 

AR can be crucial in modernizing history education. These findings suggest that AR 

engages students and helps them develop a deeper understanding of historical events, 

contexts, and connections (Estudante, 2020). The positive student feedback and 

increased teacher observations of engagement and participation reinforce the potential 

of AR as a transformative educational tool. 

The study’s results also highlight the potential for AR to address common 

challenges in history education, such as making connections between historical events 

and understanding complex concepts like causality and chronology. By providing 

immersive and interactive experiences, AR can help students visualize and internalize 

historical information in ways that traditional methods may not achieve. These findings 

suggest a promising future for AR in enhancing history education. 

The implications of these findings are significant for educators, curriculum 

developers, and policymakers. For educators, the study provides evidence-based support 

for incorporating AR into history lessons to enhance student engagement and learning 

outcomes. Curriculum developers can use these insights to design more effective AR-

based educational materials that align with learning objectives and standards. 

Policymakers can advocate for integrating AR technology in schools, providing funding 

and resources to support its implementation. 

Picture 1. 

Comparison of Pre-test and Post-test Scores 
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The bar graph compares the pre-test and post-test scores of students in the control 

and experimental groups. The control group received traditional history instruction, 

while the experimental group utilized Augmented Reality (AR) based learning tools. 

In the pre-test, the control group had an average score of 54.9, and the 

experimental group had a similar average score of 55.2. This indicates that both groups 

started with comparable levels of historical knowledge. In the post-test, the control 

group's average score increased to 61.5, showing a modest improvement. In contrast, 

the (Borusyak, 2022) group's average post-test score significantly increased to 78.4, 

indicating a substantial improvement in their understanding of historical concepts . 

The graph clearly illustrates that students who used AR-based learning tools 

improved their conceptual understanding of history more than those who received 

traditional instruction. This visual representation supports the study's findings that AR 

can significantly enhance educational outcomes in history education. 

The graph above illustrates the significant increase in conceptual understanding 

scores for the experimental group compared to the control group. This visual 

representation underscores the potential impact of AR on improving educational 

outcomes. By investing in AR technology and training teachers to use it effectively, 

schools can create more engaging and effective learning environments that foster a more 

profound understanding and retention of historical concepts. 

The positive impact of AR on conceptual understanding can be attributed to 

several factors. AR’s immersive and interactive nature makes learning more engaging, 

helping students stay focused and interested in the material. Visualizing historical 

events and contexts in 3D helps students understand complex concepts and relationships 

more easily. AR also allows for personalized learning experiences, catering to 

individual learning styles and paces. 

AR tools provide real-time feedback and interactive simulations, making learning 

more dynamic and responsive. This immediate feedback helps students correct 

misunderstandings and reinforces learning in a way that traditional methods may not. 

The combination of visual, auditory, and kinesthetic learning experiences provided by 

AR caters to multiple learning modalities, making it an effective tool for diverse 

learners. 

Future research should explore the long-term effects of AR on conceptual 

understanding and knowledge retention in history education (Aguilar-Cuesta, 2023). 

Longitudinal studies can provide insights into how AR impacts learning over time and 

whether the benefits observed in this study are sustained. Researchers should also 

investigate the scalability of AR interventions in different educational settings and with 

diverse student populations. 
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Educators and schools should consider incorporating AR into their history 

curricula to enhance student engagement and learning outcomes. Professional 

development programs can help teachers effectively integrate AR technology into their 

teaching practices (Cruz, 2023). Policymakers should support these initiatives by 

providing funding and resources for school AR implementation. 

The findings of this study suggest a promising future for AR in education. By 

leveraging the strengths of AR, educators can create more engaging and effective 

learning environments that help students develop a deeper understanding of historical 

concepts. Continued research and investment in AR technology will be essential to 

realize its full potential and transform history education for the better. 

CONCLUSION  

The most important finding of this research is that Augmented Reality (AR) 

significantly enhances students’ conceptual understanding of history education. The 

experimental group, which utilized AR-based learning tools, showed substantial 

improvements in post-test scores compared to the control group, which received 

traditional instruction. These results prove that AR can effectively deepen students’ 

grasp of historical events, contexts, and connections. 

Qualitative data from student interviews and teacher observations further 

supported these findings. Students reported higher engagement and enjoyment in AR-

based lessons, while teachers observed increased participation and enthusiasm. This 

study highlights the potential of AR to transform traditional history education by 

making it more interactive and immersive. 

This research contributes valuable insights into the educational field by 

demonstrating the efficacy of AR in enhancing conceptual understanding. The study 

comprehensively evaluates how AR tools can be effectively integrated into history 

curricula to improve learning outcomes. Using a quasi-experimental design, combining 

quantitative and qualitative methods, offers a robust approach that can serve as a model 

for future research in educational technology. 

The findings emphasize the importance of designing high-quality AR content that 

aligns with curricular goals. By providing interactive and immersive learning 

experiences, AR can cater to diverse learning styles and preferences. This research 

underscores the need for continued innovation and investment in educational 

technologies to enhance teaching and learning processes. 

One limitation of this study is the relatively short duration of the intervention, 

which may not capture the long-term effects of AR on student learning and retention. 

Future research should consider longitudinal studies to assess the sustained impact of 

AR in history education. Additionally, the study was conducted within a specific 

geographic and demographic context, which may limit the generalizability of the 

findings to other settings. 

Further research is needed to explore AR interventions' scalability and 

effectiveness across diverse educational environments. Investigating the role of teacher 
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training and support in successfully implementing AR is also crucial. Addressing these 

limitations will provide a more comprehensive understanding of the potential and 

challenges of AR in education, guiding future advancements and applications of this 

technology. 
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