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Abstract 

In pursuing innovative educational strategies, this study investigates the integration of Augmented Reality (AR) with 

blended learning to enhance students' conceptual understanding of magnetism. Utilizing AR as a significant 

educational tool provides an immersive experience that aids in comprehending complex concepts. At the same time, 

blended learning combines traditional classroom methods with online resources for a more effective approach. This 

research employs an experimental design with a pretest-posttest control group involving 60 students from the Islamic 

University of Raden Intan Lampung enrolled in a physics course on magnetism. The experimental group experienced 

AR-enhanced blended learning, while the control group received traditional blended learning without AR. Quantitative 

data analysis included descriptive statistics and the N-Gain test to measure the intervention's effectiveness, with 

ANOVA used to examine differences in conceptual understanding between the groups. Qualitative data was gathered 

through semi-structured interviews and analyzed thematically to identify common themes and patterns. The results 

indicate a significant improvement in the experimental group's understanding of magnetism compared to the control 

group, highlighting AR's effectiveness in enhancing interactivity and engagement, facilitating the visualization of 

abstract concepts, and reinforcing the linkage between theory and practical application. These findings offer educators 

and curriculum developers valuable insights, laying a foundation for future interdisciplinary educational research.  
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INTRODUCTION 

Augmented Reality (AR) integration in educational contexts has evolved remarkably, gaining 

significant attention in recent years, particularly in science education. AR has matured into a critical 

educational technology alongside other immersive technologies, offering immersive experiences 

that facilitate a deeper understanding of complex concepts [1]. This evolution is notable as AR has 

progressed from simple overlay techniques to sophisticated interactive simulations, dramatically 
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altering student-content interaction [2]. Its adaptability to various learning styles and real-time 

feedback capability has notably enhanced its effectiveness in educational settings [3], while its role 

in promoting active learning, as highlighted by Hajirasouli and Banihashemi [4], encourages 

meaningful exploration of subject matter. Consequently, AR's impact on retention and 

understanding of scientific concepts, including magnetism, has become a focal point of modern 

educational research [5]. 

This progression in the application and sophistication of AR in education provides an ideal 

segue into the discussion of blended learning [6], [7], a method that synergizes the strengths of both 

online and traditional classroom formats and complements AR's dynamic capabilities [8]. This 

integration represents a confluence of two cutting-edge educational strategies, enhancing the 

other's effectiveness. While AR offers immersive and interactive experiences, blended learning 

provides a structured yet flexible framework that accommodates diverse learning preferences and 

paces. These approaches present a holistic model for contemporary education [9], particularly in 

science [10], where combining theoretical knowledge and practical application is paramount. 

Blended learning has emerged as a potent educational approach, adapting to the evolving 

educational landscape [11]. Research by Ballouk et al. [12] underscores its adaptability in 

addressing diverse learning needs. However, implementing this approach, especially in science 

education, is not without challenges, including ensuring consistent access to technology and 

adapting to various learning paces. Despite these challenges, Bowden [13] observed that the 

potential for enhanced engagement and achievement outweighs such obstacles. The personalized 

nature of blended learning, particularly valuable in subjects like physics, is crucial for 

accommodating different approaches to understanding challenging concepts [14], [15]. 

Additionally, integrating practical and theoretical learning in these environments aids conceptual 

understanding and fosters critical thinking [16]–[18]. 

The concept of magnetism underscores the necessity of innovative educational methods due to 

its inherently abstract nature, posing significant challenges in traditional educational setups. As 

Fidan & Tuncel [19] pointed out, combining advanced tools such as AR and blended learning 

methodologies becomes indispensable to conveying its principles. Abdusselam & Karal [20] and 

Nakamura & Mizuno [5] advocate for these modern teaching aids, with AR providing interactive 

and visually engaging ways to unravel the complexities of magnetic fields, as Gholap & Li [21] 

observe. In tandem, Míguez-Álvarez et al. [22] propose that blended learning facilitates hands-on 

experiments and real-world applications, rendering abstract magnetism concepts more concrete 

and relatable. This synergistic application of AR and blended learning enhances understanding and 

stimulates a more curious exploration of magnetism. 

AR's potential in teaching complex subjects like magnetism has been a significant focus in 

educational research. Studies show that AR provides interactive experiences, rendering abstract 

concepts more tangible and understandable [23]–[25]. Furthermore, AR's ability to visualize 

invisible forces like magnetic fields enhances conceptual understanding [26]. This interactive nature 

allows learners to manipulate variables in real time, deepening their grasp of magnetic principles. 

AR thus bridges the gap between theory and practice, maintaining student interest in physics [26], 

[27]. 

The combination of AR and blended learning creates an innovative model, leveraging the 

interactive nature of AR with the flexibility of blended learning [9], [28], [29]. This synergy enables 

comprehensive educational experiences crucial for subjects like physics [27], [30]. Blended 
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learning's versatility allows for a seamless transition between theory and practical application, 

catering to varied learning paces and styles [31]. Moreover, this approach significantly boosts 

student motivation and engagement [8], representing a substantial advancement in the application 

of technology in education. 

Understanding students' grasp of physics is vital for evaluating educational interventions [32]. 

Studies indicate that engagement and motivation are essential to conceptual understanding in 

physics [23]. Engaging teaching methods, especially those incorporating technology and interactive 

media, have increased interest and participation [33], while timely feedback and assessment 

enhance comprehension [34]. The link between engagement and success in science is clear, 

underscoring the need for engaging methodologies. 

Despite the recognized potential of AR and blended learning in enhancing educational 

experiences, their combined effect on understanding magnetism remains under-explored. 

Magnetism's unique challenges necessitate tailored educational strategies [20]. While promising, 

the potential of AR for visualization and blended learning for flexible environments lacks empirical 

validation in the context of teaching magnetism [35]. Understanding how these technologies can be 

effectively integrated is crucial [36]–[38]. This study aims to fill this research gap by exploring the 

effects of AR-based blended learning on students' conceptual understanding of magnetism. 

Current research highlights the individual benefits of AR and blended learning, but there is a 

significant gap in studies investigating their combined application in teaching complex physics 

concepts like magnetism. This study addresses this gap by integrating AR with blended learning 

to enhance conceptual understanding of magnetism, providing empirical evidence on the efficacy 

of this approach. It explores the effects of AR-based blended learning on students' understanding 

of magnetism and their responses to using AR in learning. The findings are expected to contribute 

to educational technology and physics education, offering valuable insights for educators and 

curriculum developers and laying a foundation for future interdisciplinary research in teaching 

complex scientific concepts. 

 

METHOD 

This study employed a mixed-method approach with an explanatory sequential design to 

evaluate the impact of Augmented Reality (AR) technology combined with blended learning on 

students' understanding of magnetism. Initially, quantitative data were collected, followed by 

qualitative data to deepen insights from the quantitative analysis. The research design included a 

randomized pretest-posttest control group setup, with one group experiencing AR-based blended 

learning (experimental group) and the other undergoing traditional blended learning without AR 

(control group), as depicted in Figure 1. 

The study involved 60 participants, divided equally between the experimental group (E1) and 

the control group (C1), each comprising 30 students, representing 50% of the total sample. The 

participants, aged between 18 and 22, were enrolled in a physics course on magnetism. The 

experimental group engaged in a blended learning environment utilizing AR mobile software (cg-

physicsAR), while the control group followed a traditional blended learning approach without AR 

technology. Gender distribution in the experimental group was 11 males and 19 females, whereas 

the control group consisted of 9 males and 21 females. This setup allowed for a comparative analysis 

of the effects of AR-based learning versus traditional methods on students' conceptual 

understanding of magnetism. 
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Figure 1. Experimental Design 

 

The study followed a structured weekly plan for the experimental and control groups, with the 

experimental group using AR technology and the control group following traditional methods. In 

Week 1, the experimental group used AR to visualize magnetic poles and field lines, followed by 

an online quiz, while the control group had a lecture and quiz on the same topics. Week 2 involved 

AR exploration of Earth's magnetic field and online resources for the experimental group, 

compared to classroom discussions and online resources for the control group. Week 3 had the 

experimental group simulating magnetic fields with AR, while the control group used physical 

tools for demonstrations. In Week 4, the experimental group conducted AR-based magnetic force 

experiments, and the control group had a lecture on magnetic forces and problem-solving activities. 

Week 5 focused on AR exploration of electric motors and video tutorials for the experimental group, 

with the control group assembling electric motors and watching videos. Finally, in Week 6, the 

experimental group used AR to visualize charged particle motion and completed online exercises, 

while the control group attended a lecture supported by diagrams and online exercises. This setup 

enabled a detailed comparison of learning outcomes between the AR-enhanced and traditional 

methods. 

Data collection techniques included a physics conceptual understanding test consisting of 64 

multiple-choice questions, which evaluated students' grasp of magnetism. Reliability analysis using 

the Rasch model confirmed the test's robustness with a Cronbach's Alpha value of 0.93. The research 

used semi-structured interviews to gather students' perspectives on using Augmented Reality (AR) 

in physics lectures, explicitly focusing on magnetism within a blended learning framework. These 

interviews aimed to understand the impact of AR on students' learning experiences and conceptual 

comprehension. The interview process involved explaining the interview's purpose, briefing 

participants on the methodology, and encouraging students to provide reasons for their responses 

to gain deeper insights into their experiences with AR. The interviews, each lasting about 30 
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minutes, included seven questions designed to explore how AR enhances cognitive skills in 

understanding magnetism. The questions focused on interpreting information, conceptual and 

theoretical modeling, classification of concepts, summarizing abstract ideas, drawing conceptual 

conclusions, comparative analysis, and explaining cause-and-effect relationships in magnetism. 

Additionally, the application of AR technology in presenting visualizations on mobile devices 

is exemplified in Figure 2, illustrating the integration of this technology in the learning process. 

 

 
Figure 2. Presentation of Augmented Reality Tool Visualization 

 

The study began with an initial evaluation by a Basic Physics lecturer, who identified 

challenges in teaching magnetism due to its abstract nature. To address these challenges, the 

research implemented mobile augmented reality (AR) technology compatible with platforms like 

iPhone and Android, bringing magnetism principles to life through 2D and 3D visualizations. In 

the experimental group (E1), AR was integrated into face-to-face sessions to explore and visualize 

magnetism concepts, supported by online quizzes and resources. Over time, students engaged with 

more complex topics using AR, supplemented by video tutorials and exercises. In contrast, the 

control group (C1) followed a traditional blended learning approach without AR, relying on 

conventional lectures and physical demonstrations, though both groups covered the same topics 

and accessed online quizzes and resources. The AR application in the experimental group 

transformed teaching by visualizing magnetic fields and facilitating interactive sessions, allowing 

for an evaluation of AR's efficacy in enhancing the learning experience compared to traditional 

methods. Figure 3 illustrates the practical application of AR in studying magnetism, highlighting 

its potential to enhance both in-person and remote learning. 

 

 

 

 

 

 

 

Figure 3. Students in the Classroom Using AR in the Learning Process 
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Data Analysis 

The data analysis in this research rigorously evaluated the impact of Augmented Reality (AR) 

in a blended learning environment on students' conceptual understanding of magnetism. The 

quantitative component involved a detailed analysis of concept understanding tests administered 

to experimental and control groups before and after the intervention—descriptive statistics 

summarized data, including mean, standard deviation, minimum, and maximum scores. The N-

Gain test measured the effectiveness of the intervention, providing a normalized measure of 

improvement. The primary statistical method was Analysis of Variance (ANOVA), used to examine 

differences in conceptual understanding between the experimental group utilizing AR and the 

control group without AR. ANOVA results determined whether the differences in learning 

outcomes were statistically significant. 

The qualitative data were derived from semi-structured interviews with students in the 

experimental group to gather in-depth insights into their experiences with AR technology. 

Interview responses were transcribed and thematically analyzed to identify common themes and 

patterns. This analysis provided a richer context to the quantitative findings, helping understand 

the qualitative aspects of student engagement with AR technology. The final data analysis stage 

involved synthesizing quantitative and qualitative findings, enabling a comprehensive 

understanding of AR technology's impact on students' physics learning. 
 

RESULTS AND DISCUSSION 

This section presents and discusses the study's findings, which aimed to evaluate the 

effectiveness of Augmented Reality (AR)-based blended learning in enhancing students' conceptual 

understanding of magnetism. The analysis includes both quantitative and qualitative data, 

providing a comprehensive view of the impact of AR on learning outcomes. 

 

Quantitative Analysis 

The quantitative analysis aimed to evaluate the effectiveness of AR-based blended learning in 

enhancing students' conceptual understanding of magnetism. This was assessed through pre-test 

and post-test concept understanding tests conducted with the experimental and control groups. 

The analysis of test scores revealed distinct patterns in the learning outcomes of both groups. The 

pre-test results indicated a similar understanding of magnetism concepts across the experimental 

and control groups. However, the post-test results exhibited notable differences, suggesting a 

variation in the impact of the teaching methods. 

The Analysis of Variance (ANOVA) was conducted to evaluate the differences in conceptual 

understanding of magnetism between the experimental and control groups. Table 1 presents a 

comprehensive summary of the ANOVA results. 

 

Table 1. Summary of the ANOVA Results 

Source of Variation Sum of Squares Degrees of Freedom Mean Square F-value p-value 

Between Groups 37.61 1 37.61 16.15 0.03 

Within Groups 135.06 58 2.33 - - 

Total 172.67 59 - - - 
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The ANOVA test's significant F-value of 16.15 (p = 0.03) indicates that AR-based blended 

learning significantly improves students' conceptual understanding of magnetism. This statistical 

significance highlights the potential of AR to transform abstract concepts into more accessible and 

engaging learning experiences.  

The study examines the impact of Augmented Reality (AR)-based blended learning on 

students' conceptual understanding of magnetism. As summarized in Table 5, the quantitative data 

highlights a significant difference in learning outcomes between the experimental and control 

groups, evidenced by an F-value of 16.15 and a p-value of 0.03. This statistically significant result 

indicates that students exposed to AR-based blended learning achieved a higher understanding 

level than those who experienced traditional teaching methods. 

This enhancement in learning can be attributed to AR technology's immersive and interactive 

nature, which engages students by providing novel and visually rich experiences [39]. AR enables 

the representation of complex, abstract concepts such as magnetic fields and forces in a more 

tangible and accessible manner. This is particularly beneficial in physics education, where students 

often struggle with visualizing and comprehending such abstract phenomena [40]. 

The superiority of the experimental group's performance, as demonstrated by the significantly 

higher post-test scores, suggests that AR not only aids in the initial understanding of these concepts 

[41] but also reinforces and solidifies this knowledge over time [42]. The ability of AR to transform 

theoretical knowledge into lifelike visualizations appears to bridge the gap between abstract 

theories and their practical implications, making learning more effective and enjoyable [43]. 

Table 2 further illustrates the effectiveness of AR-enhanced blended learning in the 

experimental group, evident from the significant increase in mean scores from 54.43 to 79.43, a 

marked contrast to the control group's more modest rise from 48.66 to 65.11. The reduction in 

standard deviations across both groups indicates a more uniform understanding, with the 

experimental group showing a notable consistency in learning outcomes. The substantial N-Gain 

value of 0.549 for the experimental group, compared to 0.320 for the control group, further 

underscores the augmented impact of AR technology in improving conceptual understanding. The 

increased minimum and maximum scores in the experimental group reflect the broad spectrum of 

student performance improvement, emphasizing the AR intervention's comprehensive 

effectiveness in enhancing students' grasp of magnetism. 

 

Table 2. The Statistics Descriptive Data of Pre-test and Post-test of Conceptual Understanding 

Group 
Mean 

Score 

Standard 

Deviation 

Minimum 

Score 

Maximum 

Score 

N-

Gain 

Experimental (Pre-

Test) 54.43 1.82 45 60 
0.549 

Experimental (Post-

Test) 79.43 0.99 75 85 

Control (Pre-Test) 48.66 1.49 40 55 
0.320 

Control (Post-Test) 65.11 1.01 60 70 
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Figure 4. Distribution of pre-test and post-test scores across both the experimental and control 

groups 

 

Figure 4 visually reinforces these findings by illustrating the pre-test and post-test scores 

distribution across both groups. The figure clearly shows the superior performance of the 

experimental group, reflecting the positive impact of AR on their learning process. 

As Table 2 illustrates, the experimental group’s mean scores increased from 54.43 to 79.43, 

compared to the control group’s rise from 48.66 to 65.11. The reduced standard deviation in the 

experimental group indicates a more consistent level of understanding across students, suggesting 

that AR helps level the learning field, making it easier for all students to grasp complex concepts. 

The N-Gain values further support this, with the experimental group achieving a substantial 

improvement of 0.549 compared to the control group’s 0.320, reinforcing the argument that AR 

significantly enhances conceptual understanding. 

These findings align with previous research, showing that AR can effectively support learning 

by making abstract concepts more concrete. Studies by Alamsyah et al. [40], Singh et al. [43], and 

others have consistently found that AR's visual and interactive elements improve students’ ability 

to internalize and apply theoretical knowledge. The consistency of these findings across different 

studies underscores AR's potential as a transformative tool in education, particularly in subjects 

that require a robust conceptual understanding. 

In summary, the quantitative data demonstrates that AR-based blended learning significantly 

enhances students' conceptual comprehension of magnetism. This improvement can be directly 

linked to the ability of AR to make learning more engaging, interactive, and accessible, thereby 

addressing some of the traditional challenges associated with teaching abstract scientific concepts. 

 

Qualitative Analysis 

While the quantitative results demonstrate a clear statistical advantage for the experimental 

group, the qualitative data from student interviews provide deeper insights into how and why AR 

technology enhances learning. The thematic analysis of the interview results reveals several key 

themes that underscore the pedagogical benefits of AR technology in enhancing the learning 

experience of physics students, particularly in the complex domain of magnetism. The students 

were given some simple questions that can be seen in Table 7. 
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Table 3. Interview Transcript 

Class 

 

Question Response 

Code 

Keywords of Student Responses Theme 

E 

QE1 

SE1 
Understand magnetic field 

properties, solve magnet problem 
Enhanced Conceptual 

Understanding SE2 
Predict charged particle 

trajectory 

SE3 Direction of magnetic force 

QE2 

SE1 Magnetic field in coiled wire, 

practical applications 

Real-world Application 

and Relevance 

SE2 Impact on animal navigation, air 

transport 

SE3 Magnetic fields in MRI (Magnetic 

Resonance Imaging) devices. 

QE3 

SE1 The magnetic field causes an 

electric current 

Scientific Reasoning and 

Analytical Skills 

SE2 Centripetal force in magnetic 

field 

SE3 Magnetic lines of force around a 

bar magnet 

QE4 

SE1 Understanding abstract magnetic 

fields 

Visualization of Abstract 

Concepts 

SE2 Magnetic field around the infinite 

wire 

SE3 Biot-Savart law and magnetic 

fields 

QE5 

SE1 Magnetic force on current 

conductor Scientific Reasoning and 

Analytical Skills SE2 Magnetic field lines in solenoids 

SE3 Geographic vs. magnetic poles 

QE6 

SE1 Compare magnetic field 

equations 
Scientific Reasoning and 

Analytical Skills 
SE2 Total magnetic force on the wire 

SE3 Compare magnetic fields on 

straight vs. parallel wires 

QE7 

SE1 Explain solenoid formation 

Scientific Reasoning and 

Analytical Skills 

SE2 Charged particles and magnetic 

fields 

SE3 Magnetic force on current-

carrying wire 

 

The study also used qualitative data from semi-structured interviews to explore how students 
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responded to AR when learning magnetism. These interviews provided rich insights into the 

students' experiences and perceptions of AR technology in their learning process, complementing 

the quantitative findings. 

The responses revealed overwhelmingly positive feedback regarding the use of AR, 

particularly in enhancing engagement and interactivity in the learning environment. Students 

consistently noted that AR made learning more engaging and interactive, facilitating a deeper 

connection between theoretical concepts and real-world applications. For example, they 

highlighted how AR helped them visualize and understand the practical implications of magnetic 

fields in everyday technologies like electric motors and MRI machines. This ability to link abstract 

scientific concepts with tangible real-world applications suggests that AR can significantly enhance 

the relevance and context of learning, making complex ideas more accessible and exciting. 

Furthermore, students reported that AR improved their scientific reasoning and analytical 

skills. They described how AR-enabled them to theorize and deduce the effects of varying magnetic 

field strengths on charged particles and explain cause-and-effect relationships within magnetic 

scenarios. This shift from rote learning to a more analytical approach underscores AR's potential to 

foster critical thinking and deeper cognitive engagement. Students could better understand and 

apply the underlying principles more effectively in problem-solving contexts by visualizing 

magnetic interactions in a dynamic, interactive format. 

The thematic analysis of the interview responses uncovered several key themes, including 

enhanced conceptual understanding, real-world application and relevance, improved scientific 

reasoning and analytical skills, visualization of abstract concepts, and increased engagement and 

interactivity. These themes illustrate the multifaceted benefits of AR in the educational context, 

particularly in subjects involving complex and abstract concepts.  

For instance, the theme of Enhanced Conceptual Understanding directly correlates with the 

students' improved ability to grasp fundamental principles of magnetism, as noted in the 

interviews. Students repeatedly emphasized how AR's visual and interactive nature solidified their 

understanding of magnetic fields and forces, aligning with improved test scores' quantitative 

findings. This enhancement is crucial in science education, where abstract concepts can be 

challenging to internalize through traditional methods. 

The Real-world Application and Relevance theme emerged as students expressed that AR 

helped them see the practical side of their learning. The ability to relate classroom knowledge to 

everyday applications made the content more exciting and meaningful, leading to more excellent 

retention and application of knowledge. This finding is significant for educators aiming to make 

science more relatable and engaging for students. 

Scientific Reasoning and Analytical Skills were another prominent theme, with students 

indicating that AR stimulated higher-order thinking. Through interactive simulations, they could 

experiment with variables and observe outcomes, which deepened their understanding of cause-

and-effect relationships in magnetism. This aligns with educational theories advocating active 

learning approaches to develop critical thinking skills.  

The Visualization of Abstract Concepts was repeatedly mentioned as a key advantage of AR. 

Students appreciated how AR demystified complex ideas by providing precise, visual 

representations that were easier to understand than traditional static images or verbal explanations. 

This capability is particularly beneficial in physics, where many abstract concepts are difficult to 

visualize. 
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Finally, Engagement and Interactivity were central to the students' positive experiences with 

AR. They found that the interactive nature of AR kept them more focused and involved in the 

learning process. This increased engagement is likely to contribute to better learning outcomes, as 

students are more likely to stay motivated and retain information when actively involved in the 

learning process. 

The findings from this study have significant implications for educational practice, particularly 

in science education. Integrating AR into blended learning environments offers a more engaging 

and practical learning experience, enhancing students' conceptual understanding and motivation. 

Educators and curriculum developers should consider incorporating AR technology to support 

diverse learning styles and foster a deeper, more interactive engagement with the subject matter. 

In line with these findings, previous studies also emphasize that Augmented Reality (AR) is 

acknowledged as an instrumental medium in supporting learning and constitutes a critical factor 

in enhancing student engagement and zeal in educational activities [44]. Chou et al. [45] suggest 

that integrating these technological aids significantly enhances students' conceptual understanding 

throughout the learning process. Turan et al. [47] have articulated that AR significantly influences 

student interest, potentially augmenting motivation and attentiveness in the learning trajectory. 

Prior studies indicate that integrating 3D object content within AR environments can positively 

influence student motivation, interaction, and engagement in educational processes [46]. Wen [48] 

posits that AR technology facilitates immersive learning experiences, transcending conventional 

spatial and temporal boundaries. Unlike traditional e-learning by its mobility, AR-based learning 

offers the advantage of accessibility and flexibility, enabling learners to engage with educational 

material via mobile technology at any location and time [49]. 

Subsequent research has illuminated the impactful role of AR in the learning sphere, as 

evidenced by studies conducted by Liu et al. [35], Hsu and Liu [28], Cai et al. [50], and Nakamura 

and Mizuno [5]. Abdusselam and Karal [20] discovered that AR-based methodologies significantly 

enhance the classroom learning environment. This study, involving an experimental group and two 

control groups, demonstrated that interactive AR simulations, especially in the context of 

magnetism, can profoundly aid students in grasping complex concepts such as magnetic field lines 

and direction. Furthermore, the use of AR in educational settings has been found to cultivate a more 

relaxed yet focused learning atmosphere, corroborating the findings of Farid et al. [46], who 

reported positive influences of AR on learning outcomes and the development of critical thinking 

skills in students. Specifically, the application of AR in the visualization of physics concepts like 

magnetic fields, current flow, and electric potential has been shown to enhance students' cognitive 

skills, thereby improving their academic performance. AR technology, thus, is heralded for its 

potential to render classroom environments more effective and efficient, particularly in online 

learning systems. 

Complementing these findings, Cai et al. [50] observed a substantial impact of AR technology 

in physics education, particularly in bolstering student self-confidence and comprehension of 

physics concepts. In this study, the comparison between the AR and Flash groups revealed a 

notable advantage in favor of AR in enhancing conceptual understanding and self-assurance 

among students. Additionally, Dutta et al. [44] affirmed that AR's application in mobile-based 

online learning significantly captures student attention and fosters motivation. They argued that 

the realistic physical visualizations offered by AR are more efficacious in the learning process 

compared to traditional image presentations in textbooks, suggesting that AR's interactive and 
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immersive visualizations can enrich learning experiences by improving interaction, cognitive 

processes, and overall enjoyment in learning. 

The implications of these findings are far-reaching. As AR technology becomes more accessible, 

it has the potential to revolutionize education by making learning more immersive, interactive, and 

effective. Future research should continue to explore the various ways AR can be integrated into 

different educational contexts and its long-term impact on student learning and retention. 

Despite these positive findings, several limitations must be acknowledged, including the 

relatively small sample size and its limitation to a single institution, which may affect the 

generalizability of the results. Additionally, the short duration of the study, spanning only a few 

weeks, might not capture long-term retention and understanding, and the reliance on self-reported 

student data could introduce bias. Future research should address these limitations by including a 

larger, more diverse sample to enhance generalizability and by conducting longitudinal studies to 

examine the long-term effects of AR-based blended learning on conceptual understanding and 

retention. Furthermore, incorporating objective measures of student engagement and learning 

outcomes, such as standardized tests and observational data, is recommended to complement self-

reported data. Exploring the impact of AR on other scientific concepts and in different educational 

contexts could also provide broader insights into its effectiveness and applicability. 
 

CONCLUSION 

This study investigated the impact of integrating Augmented Reality (AR) with blended 

learning on students' understanding of magnetism at the Raden Intan State Islamic University of 

Lampung, employing a mixed-method approach to compare an experimental group using AR-

based blended learning with a control group experiencing traditional blended learning. The 

quantitative findings, derived from pre-test and post-test evaluations, showed a significant 

improvement in the experimental group's conceptual understanding of magnetism, with statistical 

analysis, particularly ANOVA, revealing a marked increase in mean scores and a substantial N-

Gain value, indicating that AR significantly enhances students' grasp of complex concepts. 

Qualitative insights from semi-structured interviews further supported these findings, with 

students reporting that AR improved their conceptual understanding, particularly in visualizing 

magnetic fields and their real-world applications, fostering a deeper connection between theory 

and practice, enhancing engagement, and creating a more interactive and memorable learning 

experience. 

 

AUTHOR CONTRIBUTIONS 

Ardian Asyhari: Supervise, validate, review, edit, and finalize manuscripts. Ajo Dian 

Yusandika: conceptualization, methodology, analysis, and manuscript drafting. Sergii Sharov: 

Provide expertise in ICT integration, contribute to methodology refinement, and assist in 

manuscript editing and review. 

 

DECLARATION OF COMPETING INTEREST 

The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 

 

 



Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2024; 14(1): 33-48 

Ardian Asyhari, et al  45 

 

REFERENCES 

[1] Pathania M, Mantri A, Kaur DP, Singh CP, and Sharma B. A Chronological Literature Review 

of Different Augmented Reality Approaches in Education. Technology, Knowledge and Learning. 

2023; 28(1): 329–346. DOI: https://doi.org/10.1007/s10758-021-09558-7. 

[2] Topu FB, Yılmaz RM, and Tulgar AT. An Examination of Pre-School Children’s Interaction 

Levels and Motivation in Learning English with AR-Supported Educational Toys. International 

Journal of Human–Computer Interaction. 2023; 39(20): 4024–4041. DOI: 

https://doi.org/10.1080/10447318.2022.2108960. 

[3] Kaur DP, Mantri A, and Horan B. Design Implications for Adaptive Augmented Reality Based 

Interactive Learning Environment for Improved Concept Comprehension in Engineering 

Paradigms. Interactive Learning Environment. 2022; 30(4): 589–607. DOI: 

https://doi.org/10.1080/10494820.2019.1674885. 

[4] Hajirasouli A and Banihashemi S. Augmented Reality in Architecture and Construction 

Education: State of The Field and Opportunities. International Journal of Educational Technology 

in Higher Education. 2022; 19(1): 39. DOI: https://doi.org/10.1186/s41239-022-00343-9. 

[5] Nakamura H and Mizuno Y. Development of Augmented-Reality-Based Magnetic Field 

Visualization System as an Educational Tool. Sensors. 2022; 22(20): 8026. DOI: 

https://doi.org/10.3390/s22208026. 

[6] Priyantini MVD, Sumarjoko B, Widyasari C, Rahmawati LE, and Prastiwi Y. Supporting and 

Inhibiting Factors Implementation STEAM in Blended Learning Based on Augmented Reality 

Technology. AIP Conference Proceedings. 2023; 2727: 020039. DOI: 

https://doi.org/10.1063/5.0141907. 

[7] Risdianto E, Masito F, Yustisia N, Macariola JS, Fathurrochman I, and Yunita W. The 

Effectiveness of Augmented Reality (AR)-Based Blended Learning Models to Increase the 

Creativity of Prospective Educators. Proceedings of the Mathematics and Science Education 

International Seminar 2021 (MASEIS 2021). 2023: 71–82. DOI: https://doi.org/10.2991/978-2-

38476-012-1_11. 

[8] Almusaed A, Almssad A, Yitmen I, and Homod RZ. Enhancing Student Engagement: 

Harnessing ‘AIED’’s Power in Hybrid Education—A Review Analysis. Education Sciences. 2023; 

13(7): 632. DOI: https://doi.org/10.3390/educsci13070632. 

[9] Iqbal MZ, Mangina E, and Campbell AG. Current Challenges and Future Research Directions 

in Augmented Reality for Education. Multimodal Technologies and Interaction. 2022; 6(9): 75. DOI: 

https://doi.org/10.3390/mti6090075. 

[10] Irwanto I, Dianawati R, and Lukman I. Trends of Augmented Reality Applications in Science 

Education: A Systematic Review From 2007 to 2022. International Journal of Emerging 

Technologies in Learning (iJET). 2022; 17(13): 157–175. DOI: 

https://doi.org/10.3991/ijet.v17i13.30587. 

[11] Ashraf MA, Mollah S, Perveen S, Shabnam N, and Nahar L. Pedagogical Applications, 

Prospects, and Challenges of Blended Learning in Chinese Higher Education: A Systematic 

Review. Frontiers in Psychology. 2022; 12: 772322. DOI: 

https://doi.org/10.3389/fpsyg.2021.772322. 

[12] Ballouk R, Mansour V, Dalziel B, McDonald J, and Hegazi I. Medical Students’ Self-Regulation 

of Learning in A Blended Learning Environment: A Systematic Scoping Review. Medical 

Education Online. 2022; 27(1): 2029336. DOI: https://doi.org/10.1080/10872981.2022.2029336. 

https://doi.org/10.1007/s10758-021-09558-7
https://doi.org/10.1080/10447318.2022.2108960
https://doi.org/10.1080/10494820.2019.1674885
https://doi.org/10.1186/s41239-022-00343-9
https://doi.org/10.3390/s22208026
https://doi.org/10.1063/5.0141907
https://doi.org/10.2991/978-2-38476-012-1_11
https://doi.org/10.2991/978-2-38476-012-1_11
https://doi.org/10.3390/educsci13070632
https://doi.org/10.3390/mti6090075
https://doi.org/10.3991/ijet.v17i13.30587
https://doi.org/10.3389/fpsyg.2021.772322
https://doi.org/10.1080/10872981.2022.2029336


Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2024; 14(1): 33-48 

Ardian Asyhari, et al  46 

 

[13] Bowden JLH. Analogues of Engagement: Assessing Tertiary Student Engagement in 

Contemporary Face-To-Face and Blended Learning Contexts. Higher Education Research & 

Development. 2022; 41(4): 997–1012. DOI: https://doi.org/10.1080/07294360.2021.1901666. 

[14] Li S and Wang W. Effect of Blended Learning on Student Performance in K-12 Settings: A Meta-

Analysis. Journal of Computer Assisted Learning. 2022; 38(5): 1254–1272. DOI: 

https://doi.org/10.1111/jcal.12696. 

[15] Wu TT, Lee HY, Li PH, Huang CN, and Huang YM. Promoting Self-Regulation Progress and 

Knowledge Construction in Blended Learning Via ChatGPT-Based Learning Aid. Journal of 

Educational Computing Research. 2023; 61(8): 3-31. DOI: 

https://doi.org/10.1177/07356331231191125. 

[16] Alam A and Mohanty A. Evaluation of Software Engineering Virtual Laboratory in 

Determining Undergraduate Students’ Conceptual Understanding: A Blended Learning 

Model Using Collaborative-Creative Virtual Learning Environment Employing Critical 

Pedagogy. In Shakya, S., Du, KL., Ntalianis, K. (eds) Sentiment Analysis and Deep Learning: 

Proceedings of ICSADL 2022. Singapore: Springer; 2023: 875–899. DOI: 

https://doi.org/10.1007/978-981-19-5443-6_65. 

[17] Anthony B et al. Blended Learning Adoption and Implementation in Higher Education: A 

Theoretical and Systematic Review. Technology, Knowledge and Learning. 2022; 27: 531-578. DOI: 

https://doi.org/10.1007/s10758-020-09477-z. 

[18] Sudirtha IG, Widiana IW, Setemen K, Sukerti NW, Widiartini NK, and Santiyadnya N. The 

Impact of Blended Learning Assisted with Self-Assessment toward Learner Autonomy and 

Creative Thinking Skills. International Journal of Emerging Technologies in Learning (iJET). 2022; 

17(6): 163-180. DOI: https://doi.org/10.3991/ijet.v17i06.29799. 

[19] Fidan M and Tuncel M. Integrating Augmented Reality into Problem Based Learning: The 

Effects on Learning Achievement and Attitude in Physics Education. Computers and Education. 

2019; 142: 103635. DOI: https://doi.org/10.1016/j.compedu.2019.103635. 

[20] Abdusselam MS and Karal H. The Effect of Using Augmented Reality and Sensing Technology 

to Teach Magnetism in High School Physics. Technology, Pedagogy and Education. 2020; 29(4): 

407–424. DOI: https://doi.org/10.1080/1475939X.2020.1766550. 

[21] Gholap VB and Li W. Past, Present, and Future of the Augmented Reality (AR)-Enhanced 

Interactive Techniques: A Survey. Proceeding of 7th International Conference on Machine Vision and 

Information Technology (CMVIT). 2023: 143–148. DOI: 

https://doi.org/10.1109/CMVIT57620.2023.00035. 

[22] Míguez-Álvarez C, Crespo B, Arce E, Cuevas M, and Regueiro A. Blending Learning as An 

Approach in Teaching Sustainability. Interactive Learning Environments. 2022; 30(9): 1577–1592. 

DOI: https://doi.org/10.1080/10494820.2020.1734623. 

[23] AlGerafi MA, Zhou Y, Oubibi M, and Wijaya TT. Unlocking The Potential: A Comprehensive 

Evaluation of Augmented Reality and Virtual Reality in Education. Electronics. 2023; 12(18): 

3953. DOI: https://doi.org/10.3390/electronics12183953. 

[24] Dargan S, Bansal S, Kumar M, Mittal A, and Kumar K. Augmented Reality: A Comprehensive 

Review. Archives of Computational Methods in Engineering. 2023; 30(2): 1057–1080. DOI: 

https://doi.org/10.1007/s11831-022-09831-7. 

[25] Hidayat R and Wardat Y. A Systematic Review of Augmented Reality in Science, Technology, 

Engineering and Mathematics Education. Education and Information Technologies. 2023; 29: 9257–

https://doi.org/10.1080/07294360.2021.1901666
https://doi.org/10.1177/07356331231191125
https://doi.org/10.1007/978-981-19-5443-6_65
https://doi.org/10.1007/s10758-020-09477-z
https://doi.org/10.3991/ijet.v17i06.29799
https://doi.org/10.1016/j.compedu.2019.103635
https://doi.org/10.1080/1475939X.2020.1766550
https://doi.org/10.1109/CMVIT57620.2023.00035
https://doi.org/10.1080/10494820.2020.1734623
https://doi.org/10.3390/electronics12183953
https://doi.org/10.1007/s11831-022-09831-7


Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2024; 14(1): 33-48 

Ardian Asyhari, et al  47 

 

9282. DOI: https://doi.org/10.1007/s10639-023-12157-x. 

[26] Vidak A, Mesic A, Šapić IM, and Gomzi V. Augmented Reality Technology in Teaching about 

Physics: A Systematic Review of Opportunities and Challenges. European Journal of Physics. 

2023; 45: 023002. DOI: https://doi.org/10.1088/1361-6404/ad0e84. 

[27] Lai JW and Cheong KH. Educational Opportunities and Challenges in Augmented Reality: 

Featuring Implementations in Physics Education. IEEE Access. 2022; 10: 43143–43158. DOI: 

https://doi.org/10.1109/ACCESS.2022.3166478. 

[28] Hsu K and Liu G. The Construction of a Theory-Based Augmented Reality-Featured Context-

Aware Ubiquitous Learning Facilitation Framework for Oral Communication Development. 

Journal of Computer Assisted Learning. 2023; 39(3): 883-898. DOI: 

https://doi.org/10.1111/jcal.12792. 

[29] Olasina G. Augmented Reality in Higher Education: The New Reality of Teaching and 

Learning during and Post-COVID-19. Ubiquitous Learning. 2022; 16(1): 31. DOI: 

https://doi.org/10.18848/1835-9795/CGP/v16i01/31-54. 

[30] Bizami NA, Tasir Z, and Kew SN. Innovative Pedagogical Principles and Technological Tools 

Capabilities for Immersive Blended Learning: A Systematic Literature Review. Education and 

Information Technologies. 2023; 28(2): 1373–1425. DOI: https://doi.org/10.1007/s10639-022-11243-

w. 

[31] Buhl-Wiggers J, Kjærgaard A, and Munk K. A Scoping Review of Experimental Evidence on 

Face-To-Face Components of Blended Learning in Higher Education. Studies in Higher 

Education. 2023; 48(1): 151–173. DOI: https://doi.org/10.1080/03075079.2022.2123911. 

[32] Kinasih RA, Ilmi R, Carmelia N, Rizky A, Prahani BK, and Uulaa RFR. Problem Based Learning 

Models in Senior High Schools: A Literature Review on Learning Physics. International Journal 

of Emerging Research and Review. 2023; 1(3): 000036. DOI: 

https://doi.org/10.56707/ijoerar.v1i3.36. 

[33] Marougkas A, Troussas C, Krouska A, and Sgouropoulou C. Virtual Reality in Education: A 

Review of Learning Theories, Approaches and Methodologies for The Last Decade. Electronics 

2023; 12(13): 2832. DOI: https://doi.org/10.3390/electronics12132832. 

[34] Fernández-de-Castro P, Aranda D, Moyano S, and Sampedro V. Digital Youth Work: A 

Systematic Review with A Proposal. Social Work Education. 2023; 42(3): 318–336. DOI: 

https://doi.org/10.1080/02615479.2021.1971187. 

[35] Liu Q, Yu S, Chen W, Wang Q, and Xu S. The Effects of An Augmented Reality Based Magnetic 

Experimental Tool on Students’ Knowledge Improvement and Cognitive Load. Journal of 

Computer Assisted Learning. 2021; 37(3): 645–656. DOI: https://doi.org/10.1111/jcal.12513. 

[36] Faqih KM and Jaradat MIRM. Integrating TTF and UTAUT2 Theories to Investigate the 

Adoption of Augmented Reality Technology in Education: Perspective from a Developing 

Country. Technology in Society. 2021; 67: 101787. DOI: 

https://doi.org/10.1016/j.techsoc.2021.101787. 

[37] Yu J, Denham AR, and Searight E. A Systematic Review of Augmented Reality Game-Based 

Learning in STEM Education. Educational Technology Research and Development. 2022; 70(4): 

1169–1194. DOI: https://doi.org/10.1007/s11423-022-10122-y. 

[38] Garzón J. An Overview of Twenty-Five Years of Augmented Reality in Education. Multimodal 

Technologies and Interaction. 2021; 5(7): 37. DOI: https://doi.org/10.3390/mti5070037. 

[39] Sırakaya M and Sırakaya DA. Augmented Reality in STEM Education: A Systematic Review. 

https://doi.org/10.1007/s10639-023-12157-x
https://doi.org/10.1088/1361-6404/ad0e84
https://doi.org/10.1109/ACCESS.2022.3166478
https://doi.org/10.1111/jcal.12792
https://doi.org/10.18848/1835-9795/CGP/v16i01/31-54
https://doi.org/10.1007/s10639-022-11243-w
https://doi.org/10.1007/s10639-022-11243-w
https://doi.org/10.1080/03075079.2022.2123911
https://doi.org/10.56707/ijoerar.v1i3.36
https://doi.org/10.3390/electronics12132832
https://doi.org/10.1080/02615479.2021.1971187
https://doi.org/10.1111/jcal.12513
https://doi.org/10.1016/j.techsoc.2021.101787
https://doi.org/10.1007/s11423-022-10122-y
https://doi.org/10.3390/mti5070037


Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2024; 14(1): 33-48 

Ardian Asyhari, et al  48 

 

Interactive Learning Environment. 2022; 30(8): 1556–1569. DOI: 

https://doi.org/10.1080/10494820.2020.1722713. 

[40] Alamsyah DP, Parulian JM, and Herliana A. Augmented Reality Android Based: Education of 

Modern and Traditional Instruments. Procedia Computer Science. 2023; 216: 266–273. DOI: 

https://doi.org/10.1016/j.procs.2022.12.136. 

[41] Gao S, Lu Y, Ooi CH, Cai Y, and Gunawan P. Designing Interactive Augmented Reality 

Application for Student’s Directed Learning of Continuous Distillation Process. Computers and 

Chemical Engineering. 2023; 169: 108086. DOI: 

https://doi.org/10.1016/j.compchemeng.2022.108086. 

[42] Hilken T, Heller J, Keeling DI, Chylinski M, Mahr D, and de Ruyter K. Bridging Imagination 

Gaps on the Path to Purchase with Augmented Reality: Field and Experimental Evidence. 

Journal of Interactive Marketing. 2022; 57(2): 356–375. DOI: 

https://doi.org/10.1177/10949968221083555. 

[43] Singh G, Mantri A, Sharma O, Dutta R, and Kaur R. Evaluating the Impact of the Augmented 

Reality Learning Environment on Electronics Laboratory Skills of Engineering Students. 

Computer Applications in Engineering Education. 2019; 27(6): 1361–1375. DOI: 

https://doi.org/10.1002/cae.22156. 

[44] Dutta R, Mantri A, and Singh G. Evaluating System Usability of Mobile Augmented Reality 

Application for Teaching Karnaugh-Maps. Smart Learning Environments. 2022; 9(1): 6. DOI: 

https://doi.org/10.1186/s40561-022-00189-8. 

[45] Chou YY et al. Effect of Digital Learning Using Augmented Reality with Multidimensional 

Concept Map in Elementary Science Course. Asia-Pacific Education Research. 2022; 31(4): 383–

393. DOI: https://doi.org/10.1007/s40299-021-00580-y. 

[46] Faridi H, Tuli N, Mantri A, Singh G, and Gargrish S. A Framework Utilizing Augmented 

Reality to Improve Critical Thinking Ability and Learning Gain of the Students in Physics. 

Computer Applications in Engineering Education. 2021; 29(1): 258–273. DOI: 

https://doi.org/10.1002/cae.22342. 

[47] Turan Z, Meral E, and Sahin IF. The Impact of Mobile Augmented Reality in Geography 

Education: Achievements, Cognitive Loads and Views of University Students. Journal of 

Geography in Higher Education. 2018; 42(3): 427–441. DOI: 

https://doi.org/10.1080/03098265.2018.1455174. 

[48] Wen Y. Augmented Reality Enhanced Cognitive Engagement: Designing Classroom-Based 

Collaborative Learning Activities for Young Language Learners. Educational Technology 

Research and Development. 2021; 69(2): 843–860. DOI: https://doi.org/10.1007/s11423-020-09893-

z. 

[49] Arici F, Yildirim P, Caliklar Ş, and Yilmaz RM. Research Trends in The Use of Augmented 

Reality in Science Education: Content and Bibliometric Mapping Analysis. Computers and 

Education. 2019; 142: 103647. DOI: https://doi.org/10.1016/j.compedu.2019.103647. 

[50] Cai S, Liu C, Wang T, Liu E, and Liang J. Effects of Learning Physics Using Augmented Reality 

on Students’ Self-Efficacy and Conceptions of Learning. British Journal of Educational Technology. 

2021; 52(1): 235–251. DOI: https://doi.org/10.1111/bjet.13020. 
 

 

https://doi.org/10.1080/10494820.2020.1722713
https://doi.org/10.1016/j.procs.2022.12.136
https://doi.org/10.1016/j.compchemeng.2022.108086
https://doi.org/10.1177/10949968221083555
https://doi.org/10.1002/cae.22156
https://doi.org/10.1186/s40561-022-00189-8
https://doi.org/10.1007/s40299-021-00580-y
https://doi.org/10.1002/cae.22342
https://doi.org/10.1080/03098265.2018.1455174
https://doi.org/10.1007/s11423-020-09893-z
https://doi.org/10.1007/s11423-020-09893-z
https://doi.org/10.1016/j.compedu.2019.103647
https://doi.org/10.1111/bjet.13020

