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Effectiveness of Augmented Reality Assisted Instructional Strategy on Learning Outcomes of Middle School Students in Biology Classrooms
ABSTRACT
The National Education Policy (NEP) 2020 encourages the integration of innovative technology to engage students and enhance their learning. The effectiveness of an augmented reality-assisted instructional strategy on learning outcomes in science for eighth-grade students was investigated. A quasi-experimental pretest-posttest control group design was used. A sample of 107 students from two government-sponsored Bengali-medium co-educational schools located in the Kolkata municipality was selected using the simple random sampling technique. 55 students participated in the experimental group and 52 students in the control group. Students of the experimental group learned the 'Living Organism' unit in science using the AR-assisted strategy, whereas the students of the control group learned the same unit using the conventional method. For collecting data, an achievement test with a reliability coefficient of 0.78, developed by the researcher, was employed. For data analysis, one-way analysis of covariance was performed using SPSS. The results of the study revealed that students taught the concepts of living organisms using an AR application (adjusted F-value = 7.44, significant at the 0.01 level) learned more compared to their counterparts. AR technology helped in a deeper understanding of the abstract concept of science at the middle school level.
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1. INTRODUCTION
In the current digital world, augmented reality (AR) plays a significant role in providing a conducive learning environment (AlAli et al., 2025; Matcha & Rambli, 2013). AR applications offer several key benefits for education, including making abstract concepts more tangible, enhancing 3D thinking skills, providing 3D materials, boosting student motivation, and creating interactive learning environments (Alexander et al., 2019). Using AR applications, students can learn about complex scientific concepts (Oh et al., 2018). There are a few AR applications tailored for biology education, such as Eukaryo (Yuen et al., 2016). This app offers a virtual environment where users can explore the world inside a biological cell, examining its structures, organelles, and key metabolic processes through various interactive modes. Cell Biology is a challenging area in Biology that involves understanding the structure and molecular behavior of chromosomes, and many students struggle with it (Arslan et al., 2015; Newman et al., 2012).
According to the National Education Policy (NEP, 2020), which emphasizes the use of modern technology in teaching, learning, and assessment. Students studying in government-sponsored schools in Kolkata do not get opportunities to learn abstract concepts in science using modern technological applications such as artificial intelligence (AI), augmented reality (AR), virtual reality (VR) and mixed reality (MR), as a result they lose their interest in science and their progress remains limited (Newman et al., 2012; Williams et al., 2010). Particularly, they face major difficulties in learning the concept of cell division. Key obstacles include specialized terminology, the abstract nature of, and misconceptions about cell division (Arslan et al., 2015). Conventional methods have little impact on fostering a deep understanding of inheritance (e.g., cell division) and recommend the use of innovative techno-pedagogy (Arslan et al., 2015; Goff et al., 2017).
1.1 Conceptual Framework
The conceptual framework comprises four interdependent layers arranged in a top–down sequence, as shown in Figure 1.









Layer 1: Instructional Approach
· Augmented Reality–Based Instruction
· Conventional Teaching Method

Layer 2: Theoretical Foundations
· Constructivist Learning Theory
· Cognitive Theory of Multimedia Learning
· Situated Learning Theory
· Self-Determination Theory

Layer 3: Pedagogical Affordances of AR
· Interactive visualization of abstract concepts
· Real-world contextualization of content
· Learner autonomy and active engagement
· Immediate feedback and immersive learning experiences
· Reduced cognitive load through multimodal integration

Layer 4: Learning Outcomes
· Improved conceptual understanding
· Enhanced skills and competencies in science
· Increased motivation and engagement
· Better retention and transfer of learning

Figure 1: Conceptual framework of AR-based instruction and learning outcomes





























The proposed conceptual framework (Figure 1) explains the pedagogical effectiveness of Augmented Reality (AR)–based instruction by linking instructional approach, theoretical foundations, pedagogical affordances, and learning outcomes. At the first level, AR-based instruction is positioned as an alternative to conventional lecture-driven, teacher-centered methods, as it integrates digital elements with the physical learning environment to create interactive and immersive learning experiences.
The second level is grounded in established learning theories. Constructivist learning theory emphasizes active knowledge construction through interaction with the learning environment (Piaget, 1970; Vygotsky, 1978), which AR supports through the manipulation and visualization of abstract concepts. The Cognitive Theory of Multimedia Learning further explains AR’s effectiveness by highlighting how integrated visual and verbal representations enhance dual-channel processing and reduce extraneous cognitive load (Mayer, 2009; Li et al., 2025). The framework also draws on Situated Learning Theory, which underscores the importance of authentic learning contexts (Lave & Wenger, 1991), enabled by AR’s real-world contextualization of content. Additionally, Self-Determination Theory accounts for the motivational benefits of AR, as immersive environments foster autonomy, competence, and sustained engagement (Ryan & Deci, 2000; Springer et al., 2025).
At the third level, these theoretical foundations give rise to key pedagogical affordances of AR, including interactive visualization, contextualized learning, learner autonomy, and immediate feedback. These affordances shift learners from passive recipients to active participants, significantly enhancing engagement, motivation, and cognitive processing (Dhaas, 2024).
The final level highlights learning outcomes such as improved conceptual understanding, enhanced scientific skills and competencies, increased motivation, and better retention and transfer of learning. Meta-analytic evidence confirms the positive impact of AR-based instruction across educational levels, demonstrating why AR-assisted instructional strategies are both pedagogically superior and empirically effective compared to traditional teaching methods (Li et al., 2025; Anzuye et al., 2025; Dhaas, 2024).

2. REVIEW OF RELATED LITERATURE
Previous studies involve AR applications developed with input from teachers, subject experts, and instructional technologists for specific biology topics in science curricula (Coştu, 2024; Küçük et al., 2015; Marzouk et al., 2013). Few studies have explored the use of augmented reality (AR) applications designed specifically for biology education (Li et al. 2022; İçten & Bal, 2017). Erbas and Demirer (2019) noted that research on AR in biology education is scarce, often concentrating on specific topics and limited populations. Additionally, only a small number of studies involve AR applications developed with input from teachers, subject experts, and instructional technologists for specific biology topics within science curricula (Küçük et al., 2015; Marzouk et al., 2013).
Through this immersive and interactive technology of AR, learners can perceive abstract concepts more instinctively. Moreover, it incorporates the simulation of real world scenario, which enhances the learning outcome  (Netragoankar et al., 2025). AR has the capability in transforming teaching learning process and enhancing problem-solving skills by leveraging a collaborative learning environment (Zekeik et al., 2025). AR-based activities promote the acquisition of experiential knowledge (Lytvynova & Soroko, 2023). It also helps in retention of knowledge as this caters to diverse learning style such as individualized and intriguing process fostering equity, diversity, and inclusion in the education system (Palada et al., 2024). Learning science through AR technology by utilizing mobile is more enjoyable than traditional textbooks (Rahmat et al., 2023).
Developing effective AR applications requires expertise in 3D modeling, programming, and content creation, and coordinating these specialists poses challenges (Jamali et al., 2014). Recent evidence consistently reports that AR-enhanced instruction leads to significantly higher learning gains, motivation, and conceptual understanding compared to traditional instructional approaches (e.g., Li et al., 2025; Zhang et al., 2025; Springer et al., 2025). Integrating these contemporary findings ensures that the study is situated within the current state of AR research. Comparative studies between technology-enhanced learning environments and conventional method was reported (Uddin et al, 2024).  However, there is a scarcity of studies exploring AR applications designed specifically for biology education (İçten & Bal, 2017). Erbas and Demirer (2019) highlighted that existing research on AR in biology education is limited (Chang et al., 2016; Hung et al., 2016), often focusing on specific topics and narrow populations. As AR in education is still in its early stages, further research is needed to understand its true impact and to identify optimal implementation methods and techniques (Coştu, 2024; Cai et al., 2014; Matcha & Rambli, 2013).
Quasi-experimental research employing a pretest–posttest control group design was critically employed to show how interventions outperform lecture-based methods when pre-existing differences in learner achievement are controlled (Uddin et al, 2023). This body of literature provides a methodological rationale for the use of analysis of covariance (ANCOVA) in the present study, as ANCOVA is widely employed to adjust for baseline learning outcomes and isolate the instructional effect of technology-based interventions.
Finally, the literature review culminates in clearly articulated research objectives and hypotheses that logically emerge from the reviewed studies. Gaps identified in previous research—such as limited evidence from middle school contexts, socioeconomically disadvantaged learners, and regional settings—directly inform the formulation of the study’s objectives. Accordingly, the hypotheses are derived from empirical trends reported in prior AR research and are explicitly aligned with the study’s design, variables, and analytical approach. Hence, the existing literature review offers a coherent synthesis of recent empirical evidence, justifies the chosen methodology, and provides a strong conceptual foundation for the research objectives and hypotheses.
Based on the existing literature, it is noticed that no research has been done to investigate the effect of AR applications-based instructional strategy on learning outcomes in science. In this study, an investigation has been done to ascertain whether or not AR-based instructional strategy has a beneficial impact on students' learning outcomes in science in the eighth-grade of their schooling. An important unit, namely ‘Living Organism’, from the science textbook for class VIII, prescribed by the West Bengal Board of Secondary Education, was taken for experimentation as per the urgent need of the learners, as most of them face difficulties in understanding the related concepts, pictorial representation, and their applications in their practical lives.
2.1 Rationale of the Study
Science education is fundamental to fostering learners’ intellectual growth, inquiry skills, and sustained engagement with STEM disciplines (Halawa & Hsu, 2024). The majority of the students studying in government-sponsored Bengali-medium schools in Kolkata belong to socioeconomically disadvantaged groups (SEDGs). They face various challenges in terms of instructional resources, techno-pedagogy, and opportunities for experimental learning. These constraints often result in a poor understanding of abstract concepts in science (Halawa & Hsu, 2024; Uddin, 2019). Under these circumstances, AR-based instruction offers a promising approach for visualizing 3D, simulation, and animation in the classroom instruction, enabling learners to understand the concept meaningfully (Li et al., 2025; Dhaas, 2024).
A previous study reported that an interactive visual environment enhances understanding and retention of abstract concepts (Uddin et al, 2025). Presently, government sponsored-Bengali medium schools in Kolkata do not have immersive technological devices to make the teaching learning process more engaging, interactive, and joyful (Uddin et al, 2024; Dhaas, 2024; Uddin, 2019). Earlier studies demonstrated the effectiveness of AR on improving academic achievement and need further research on its application in the classroom (Dhaas, 2024). 
Based on the rationale, this study seeks to investigate the effectiveness of AR-assisted instructional strategy on learning outcomes in science for eighth –grade students studying in government-sponsored Bengali medium schools in Kolkata Municipality. The findings are expected to contribute to theoretical discussions on technology-enhanced learning within linguistically and socioeconomically diverse contexts. Practically, the results may guide teachers, policymakers, and curriculum designers in making evidence-based decisions about equitable technology integration, thereby supporting inclusive science education in resource-constrained schools. Accordingly, the following objective and hypothesis guide the study.
2.2 Objective
(i) To compare the learning outcomes in science of students taught using AR-based instructional strategy and the conventional method by considering pre-learning outcomes as a covariate.
2.3 Hypothesis
H01: There is no significant difference in learning outcomes in science of students taught using AR-based instructional strategy and the conventional method by considering pre-learning outcomes as a covariate.
[bookmark: _GoBack]3. Methodology
3.1 Design Used in the Study: A quasi-experimental, pretest-posttest non-equivalent control group design was employed.  AR-based instructional strategy and conventional l method were taken as an independent variable, and learning outcomes were taken as the dependent variable. Pre-learning outcomes were considered as a covariate.
3.2 Population: students studying in class VIII in government–sponsored Bengali medium co-education schools of Kolkata Municipality in West Bengal were considered as the population.
3.3 Sample: 107 students studying in class VIII in 2025 from two schools of a similar nature located in the Kolkata Municipality were sampled. Group-wise and gender-wise distribution of the sample is presented in the Table1.
Table 1: Group-wise and gender-wise distribution of the sample
	Sl. No.
	Group
			Gender
	Total


	
	
	Male
	Female
	

	1.
	Experimental
	25
	30
	55

	2.
	Control
	22
	30
	52

	
	Total
	47
	60
	107



3.4 Procedure of Experimentation
Using the Unite App, AR applications, images given in text book of science for eighth-grade were converted into 3D view as an instructional material by the researcher and validated by the three experts. Permission was taken from the Head of the experimental schools. Both groups were pretested through an achievement test consisting of 25 multiple-choice items on the ‘Living Organism’ unit. 
After the pretest, the two groups were taught the same unit, namely ‘Living Organism’, taken from the eighth-grade science textbook of science, using two different methods of instruction. Students of the experimental group were engaged in learning concepts of the living organism unit using the AR applications. Students of the control group learnt the same lesson using the conventional method. During the experimental work, the researcher behaved like a facilitator and guide. The researcher created a congenial learning environment throughout the experimentation period of six weeks. A few concepts of the living organism unit using AR applications developed by the researchers were used in teaching-learning to the students of experimental groups, are given in Figure 2.






Figure 2: Experimental group students using AR applications in learning the concept of a typical (a) Plant cell (b) Eukaryotic cell (c) Nerve cell and (d) Chromosome




                               









        




Figures 2(a) and 2(b) show the AR applications-based learning of the structure and functions of plant and eukaryotic cells, respectively. AR applications were used to help students visualize 3D models of plant and eukaryotic cells. Students could interact with virtual cell components such as the nucleus, mitochondria, chloroplasts, and cell membrane. Figures 2(c) and 2(d) respectively display a 3D image of a nerve cell and a chromosome using AR-applications. The AR-based images facilitate learners to observe 3D-microscopic structures, which are not possible to observe through 2D diagrams given in the textbooks. Through AR, learners could rotate, zoom, and explore each organelle, enhancing spatial understanding of the cell’s internal structure. This immersive experience made it easier for students to differentiate between plant and animal (eukaryotic) cells and understand their functional roles in living organisms. AR promotes experiential learning by allowing students to “see” and “manipulate” biological structures that are otherwise invisible to the naked eye. It enhances conceptual clarity in topics that are typically abstract and diagram-based. After completing the treatment, the same set of questions used in the pretest was used to administer a posttest to both groups.
3.5 Tool Used for Data Collection: Initially, a learning outcomes test on the living organism unit comprised of 32 items covering knowledge, understanding, application and skill domains were constructed by the researcher. The test was executed for a try out on 50 students of a school of a similar nature as located in the Kolkata Municipality. After item analysis, i.e., by calculating the value of the discrimination index and the difficulty value of each item, only 25 items were retained.  The reliability coefficient of the test was computed using the split-half and Cronbach’s alpha methods and was found to be 0.78. Further, the test was validated by incorporating the suggestions from three subject experts. Hence, a self-developed learning outcomes test (similar to an achievement test) comprised of 25 MCQs was administered. For a correct response to each item, one mark was assigned. Zero mark was assigned for each wrong response.
3.6 Techniques Used for Data Analysis: Statistical techniques, namely an independent samples t-test and one-way analysis of covariance (ANCOVA), were employed through “the Statistical Package for Social Science (IBM SPSS Statistics, Version 21)” and interpretation was done accordingly. ANCOVA was to control for pre-existing differences in intact classroom groups before giving the treatment.
4. RESULTS AND DISCUSSION
4.1 Results
4.1.1 Testing of Normality Assumptions 
Before applying parametric statistics, the assumptions of normality for the data related to the learning outcome test were examined using IBM SPSS, and the corresponding results and interpretation have been discussed as under.
The summary of descriptive statistics of the learning outcome is given in Table 2.




Table 2: Summary of descriptive statistics of learning outcome
	Mean
	SD
	Skewness
	Kurtosis
	Ratio of
C & D
(ZSkewness)
	Ratio of
E & F
(ZKurtosis)

	Statistic
(A)
	Statistic
(B)
	Statistic
(C)
	SE
(D)
	Statistic
(E)
	SE
(F)
	(C ÷ D)
	(E ÷ F)

	13.42
	3.9
	0.06
	0.29
	-0.98
	0.58
	0.21
	-1.69



From Table 2, it is seen that the values of skewness and kurtosis are 0.06 and - 0.98, respectively, which lie between -2 to 2. Further, the value of ZSkewness is 0.21, and the value of ZKurtosis is -1.69, which lie between -1.96 to 1.96. This indicates that the data related to the learning outcome follows a normal distribution. The summary of the Kolmogorov-Smirnov test of normality and Levene's test for equality of variances is given in Table 2.

Table 3: Summary of Kolmogorov-Smirnov test of normality and Levene's test for equality of variances
	[bookmark: _Hlk175859317]Kolmogorov-Smirnov test
	Levene's test

	Statistic
	Sig.
	Remarks
	Equal variances assumed
	F
	Sig.
	Remarks

	0.09
	0.20
	Not Significant
	
	0.03
	0.86
	Not Significant



From Table 3, it is noticed that the value of the Kolmogorov-Smirnov statistic for the data of learning outcomes is 0.09, which is not significant, indicating that the data are normally distributed. Homogeneity of variances underlying the data was also examined using Levene's test. The results show that the value of F (=0.03) was found to be not significant. This implies that equality of variances is satisfied. Moreover, the normality of the data has also been verified graphically, as shown in Figure 3.




Figure 3: (a) Histogram, (b) Q-Q Plot and (c) Box plot and (d) graph of regression slopes for the data related to learning outcomes.
























Figure 3(a) illustrates a histogram showing a bell-shaped and almost symmetrical distribution, indicating a normal distribution.  Figure 3(b) shows a Q-Q plot shows in which data points lie on the line and nearby the line. Figure 3(c) presents a box plot with no detected outliers.  Figure 3(d) shows positive regression slopes between pretest and posttest scores of learning outcomes for both groups, indicating that prior knowledge influences achievement. However, the steeper slope for the experimental (AR-based) group demonstrates greater learning gains after controlling for pretest scores. This suggests that the AR-based instructional strategy was more effective than the conventional method in improving students’ learning outcomes Thus, based on these findings, the assumptions required for parametric statistical techniques were satisfied, justifying their use in the data analysis.
4.1.2 Hypothesis Testing
H01: There is no significant difference in learning outcomes in science of students taught using AR-based instructional strategy and the conventional method by considering pre-learning outcomes as a covariate.
Treatment had two levels, namely, AR based instructional strategy and the conventional method. To analyse the data, one-way analysis of covariance was applied, and the results are shown in Table 4.
Table 4: Results of a one-way ANCOVA for the study of learning outcomes of the learners in science while assuming pre-learning outcomes as a covariate
	Source of Variance
	df
	SSY.X
	M SSY.X
	FY.X--Value
	
Effect size ()

	Treatment
	1
	32.96
	32.96
	7.44**
	0.067

	Error
	104
	460.72
	4.43
	
	

	Total
	106
	
	
	
	


** implies significant at 0.01 level.
Table 4 shows that the adjusted F-Value is 7.44, which is significant at the 0.01 level with df = 1 /104. It shows that there is a significant difference in adjusted mean scores of learning outcome between students taught using the AR-based instructional strategy and the usual method by assuming pre-learning outcome as a covariate. Therefore, the null hypothesis is rejected. Further, Table 4 shows that the value of the effect size is 0.067, which indicates that 6.7% of the variance may be explained using the intervention. In order to know which groups’ adjusted mean scores differ significantly, the results obtained using an independent sample t-test are shown in Table 5.




Table 5: Comparison of adjusted mean scores of learning outcome of students taught using AR strategy and conventional method while controlling pre-learning outcome as a covariate
	Treatment
	Adjusted mean
	Standard Error
	t value
	Remark

	AR instructional strategy
	19.42
	0.28
	2.73
	p <0.01

	Conventional  method
	18.31
	0.29
	
	



From Table 3, the t value is 2.73, which is significant at the 0.01 level with df =105. The adjusted mean score of learning outcome of students taught through the AR-strategy is 19.42, which is significantly higher than that of students taught using the conventional method, whose adjusted mean score of learning outcome is 18.31 when considering pre-learning outcome as a covariate. Students' learning outcome was significantly higher in the AR-strategy than in the conventional method.
4.2 Discussion
The objective of this study was to compare the learning outcomes in science of students taught using AR based instructional strategy and the conventional method by considering pre-learning outcomes as a covariate. This objective was acquired using one way ANCOVA. The findings of this study indicated that an AR application based instructional strategy contributed significantly to improving learners' in-depth understanding of the complex and abstract concepts related to the living organism unit of science. Generally students face problems with subjects of abstract nature, which requires spatial reasoning and interpretation of multiple representations, including symbols, diagrams and processes. The conventional lecture method offers limited opportunities for active engagement and experimental learning, which hinders in-depth understanding of abstract concepts in science. On the other hand, AR applications helped in deeper understanding of abstract concepts in science, improving comprehension and retention. It also contributed in improving higher order thinking skills as students were actively engaged with content in 3D. The outcomes of this study are consistent with the previous studies (Coştu, 2024; Özeren & Top, 2023; Chang et al., 2016). The findings contributed evidence by showing the effectiveness of AR applications in learning abstract concepts in biological science. Furthermore, this study has the potential to address the key challenges in abstraction, visualization, and clarifying misconceptions. Use of AR technology provides interactive and experiential learning. It fosters cognitive engagement and knowledge generation. The findings reinforce the importance of integrating technology based approaches into science curriculum. Hence, AR-based teaching proved an effective tool in improving learning outcomes and critical thinking skills. Future research may investigate its effect and broader applications across grades, subjects, and curiclula of different school boards.
4.3 Educational Implication
AR strategy was shown to be the most crucial indicator of students' ability to learn, according to the findings of this study. It enables deeper engagement with concepts, leading to better conceptual understanding. A teacher may use an AR application in teaching and learning abstract concepts in science, and also encourage students to learn complex topics using AR. The use of AR in teaching and learning can promote active participation, experiential learning, and the development of higher-order thinking skills. It also helps in improving inquiry skills and self-directed learning. The results of this study carry significant educational implications for middle school biology instruction. The proven effectiveness of the Augmented Reality (AR)–assisted instructional approach suggests that incorporating AR into biology teaching can meaningfully improve students’ learning outcomes, particularly in grasping complex and abstract biological concepts. Through interactive three-dimensional representations, AR enables students to connect theoretical content with tangible understanding, leading to enhanced conceptual comprehension. For educators, the findings indicate that AR serves as an effective pedagogical aid that can enrich traditional teaching practices rather than substitute them. Its integration can boost learner engagement, maintain attention, and accommodate varied learning styles, especially those of visual and kinesthetic learners. This is especially valuable in middle school biology, where students often struggle to visualize microscopic structures and dynamic processes using conventional textbook-based instruction. The training of teachers to use AR applications in developing content for teaching might be given by organizing seminars, workshops, and conferences, as well as through educational and government agencies, curriculum developers, planners, and developers.
At the curriculum and policy level, the study supports the integration of AR-based learning tools into biology curricula to promote active, student-centered, and inquiry-based learning. Accordingly, teacher training and professional development initiatives should emphasize building competencies for the effective classroom use of AR technologies. Furthermore, the observed improvements in student achievement suggest that AR has the potential to narrow learning gaps by providing inclusive access to engaging and interactive educational experiences. In summary, the study highlights the pedagogical significance of AR-assisted instructional strategies in biology education and advocates for the adoption of technology-enhanced teaching approaches by educators, curriculum developers, and policymakers to strengthen learning outcomes at the middle school level.
4.3 Limitations and Recommendations for the Future Research	
This study was limited to: (i) eighth-grade students, which restricts the generalizability of findings at other grades; (ii) the ‘Living Organism’ unit of science may not be fully effective for other topics or subjects; (iii) six weeks of experimentation, i.e., one hour daily on working days in both schools, for the teaching-learning process. A longer intervention period might give better results in terms of engagement of students, achievement, retention, and transfer of learning (iv) government-sponsored Bengali-medium co-education schools affiliated with the West Bengal Board of Secondary Education. The results may not be generalized to private schools, other educational boards, and different media of instruction.
Future research may examine the long-term retention effects of AR-assisted instruction and replicate the findings across diverse school contexts to enhance generalizability. Studies might also explore the effectiveness of AR for specific biology topics and compare it with other technology-enhanced instructional approaches. Additionally, investigating AR’s impact on cognitive and affective outcomes such as motivation, engagement, and higher-order thinking, along with the role of teacher mediation and the feasibility and cost-effectiveness of large-scale implementation may provide a more comprehensive understanding of its educational value.

5. CONCLUSION
This study was undertaken to examine the effectiveness of augmented reality applications on learning outcomes in séance at the middle school in the Kolkata municipality of West Bengal, India. The AR–based instructional strategy was found to be more effective than the conventional lecture method in improving students' learning outcomes in terms of skills and competencies in science. Teaching and learning science is a difficult task due to the high level of content and thinking skills required to truly grasp the concepts and apply them to one's life. This can be made easier through the appropriate use of an AR strategy in the classroom. Students benefit from the AR strategy because it helps them learn, understand, apply, and retain complex concepts and skills. The AR strategy made a substantial difference in how effectively children learned. Thus, it can be said that the AR-based instructional strategy helped students learn various concepts of science more deeply at the middle school level. Further study might be undertaken to explore the broader applications of AR in various educational settings.
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