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ABSTRACT 
Augmented Reality (AR) has emerged as a transformative pedagogical technology that enhances science learning by integrating virtual content with real-world environments. This study presents a systematic literature review examining the effect of AR-mediated teaching on the learning achievement of school students in science. Using the PRISMA framework, empirical studies published between 2020 and 2025 were systematically identified from major academic databases based on predefined inclusion and exclusion criteria. Nineteen studies met the eligibility requirements and were analyzed in terms of publication trends, geographical distribution, educational level, research design, and learning outcomes. The synthesis indicates consistent evidence that AR-supported instruction improves students’ conceptual understanding, academic achievement, motivation, and engagement compared with conventional teaching approaches. The findings highlight the pedagogical potential of AR and the need for context-specific experimental research to support its effective integration into school science curricula and inclusive educational practices.
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1. INTRODUCTION
1.1 Background of the Study
The twenty-first century has witnessed an unprecedented transformation in education driven by rapid technological advancement. Digital tools, artificial intelligence, and immersive technologies are reshaping pedagogical practices worldwide by promoting interactive, learner-centered, and experiential modes of learning (Hui et al., 2024). In the Indian context, the National Education Policy 2020 (NEP 2020) underscores the integration of emerging technologies into teaching–learning processes to foster inquiry-based, experiential, and multidisciplinary education across all levels. This policy shift reflects a broader movement toward technology-enriched pedagogy aimed at improving both access and quality of education.
Within this evolving landscape, Augmented Reality (AR) has emerged as a significant educational innovation capable of creating supportive and engaging learning environments (AlAli et al., 2025). AR is a three-dimensional interactive technology that overlays digital content onto the real world, enabling learners to simultaneously perceive physical surroundings and virtual elements (Shivani & Chander, 2023). Unlike Virtual Reality, which replaces the real environment entirely, AR enhances it by adding contextual digital layers, thereby making abstract concepts in science, engineering, medicine, and mathematics visually accessible and spatially comprehensible. Empirical studies indicate that AR-based instruction can improve learning outcomes while reducing learners’ cognitive load (Thees et al., 2020; Tuli et al., 2022). Furthermore, AR demonstrates potential for addressing diverse learning needs, including those of students with learning disabilities, by providing multimodal and individualized learning experiences (Turan & Atila, 2021).
AR has increasingly been recognized as an immersive medium that merges digital information with real-world contexts, allowing learners to engage actively with both environments. Through interactive three-dimensional visualization, AR reshapes how knowledge is constructed and experienced in classrooms, offering experiential engagement beyond the capabilities of conventional instructional tools (Tian & Ironsi, 2025). Its integration into school education aligns with contemporary pedagogical trends emphasizing active participation, contextual learning, and technology-driven instruction.
This is particularly relevant in science education, where students must understand complex and often invisible phenomena such as molecular interactions, physical processes, and spatial relationships—concepts that are difficult to grasp through static textbook representations. AR facilitates real-time manipulation of digital models, enabling learners to observe processes dynamically and thereby strengthening conceptual understanding and cognitive engagement (Tian & Ironsi, 2025).
Between 2020 and 2025, scholarly interest in AR’s educational effectiveness has expanded significantly. A large-scale meta-analysis of 134 experimental and quasi-experimental studies demonstrated that AR-based instruction yields stronger effects on student performance than traditional teaching approaches, confirming its pedagogical value across disciplines (Wu et al., 2022). Additional systematic reviews have shown that AR interventions enhance students’ self-efficacy and promote deeper learning, particularly in physics education, supporting meaningful understanding rather than rote memorization (Zia-ulHaq et al., 2025).
Classroom-based empirical studies further reveal AR’s positive influence on both achievement and motivation. Research on AR-supported geometry learning reported higher skill development and increased motivation among students exposed to AR-enhanced instruction compared to conventional methods (Yılmaz, 2025). Similarly, broader research syntheses report a large overall effect size (g = 0.896), indicating that AR-based learning substantially improves academic performance and learner engagement (Li et al., 2025). These findings emphasize that the effectiveness of AR depends not merely on technological adoption but on pedagogically sound instructional design.
Despite growing evidence supporting AR integration, existing studies remain fragmented across disciplines, educational levels, and methodological approaches. Variations in implementation strategies, duration of interventions, and learner characteristics produce differing magnitudes of impact (Wu et al., 2022; Li et al., 2025). This inconsistency highlights the need for a systematic synthesis focusing specifically on school-level science education.
In view of these developments, a systematic literature review of studies published between 2020 and 2025 is essential to consolidate empirical findings, identify emerging trends, and uncover research gaps. Such an investigation will clarify the pedagogical value of AR-mediated teaching and its potential to enhance school students’ learning achievement in science.
1.2 Augmented Reality in Education
Augmented Reality in education refers to the integration of computer-generated digital content—such as text, images, audio, animations, and three-dimensional models—into real-time physical environments to support teaching and learning processes (Altmeyer et al., 2020). By combining technological affordances with pedagogical design, AR enables learners to interact naturally with simulated content while remaining grounded in authentic contexts.
AR is particularly effective in disciplines requiring spatial reasoning, conceptual visualization, and procedural skill development. It allows students to directly manipulate virtual objects, explore complex systems, and engage in experiential learning activities that would otherwise be difficult to implement in conventional classrooms (Ciloglu & Ustun, 2023). In science education, studies show that learners demonstrate improved understanding of physics concepts in AR-supported laboratories compared to traditional lab environments (Thees et al., 2020). Similarly, AR-based STEM laboratory courses have been found to produce significantly higher conceptual knowledge gains than conventional instructional approaches (Altmeyer et al., 2020).
Mobile AR applications have also been shown to enhance students’ self-efficacy in learning biology at the secondary level (Ciloglu & Ustun, 2023). Within the Indian educational context, AR integration has been associated with improved critical thinking, enhanced memory retention, and the development of collaborative learning skills among engineering students (Faridi et al., 2021; Tuli et al., 2022; Kumar et al., 2022). These findings demonstrate AR’s capacity to support both cognitive and socio-constructivist dimensions of learning.
1.3 Augmented Reality in Special and Inclusive Education
AR also functions as an assistive technology that can significantly enhance learning outcomes for students with disabilities. Research indicates that AR-based instructional strategies effectively support students with Specific Learning Disabilities (SLD) in mastering science concepts by providing multisensory and interactive learning experiences (Turan & Atila, 2021). Similarly, studies have shown that AR applications are highly effective in teaching solar system concepts to elementary students with learning disabilities, improving comprehension through visualization and guided interaction (Yilmaz Yenioglu et al., 2024).
Further evidence suggests that AR-based video prompting can enhance functional daily living skills among students with Intellectual and Developmental Disabilities (IDD), demonstrating its value beyond academic learning (Wu & Tsai, 2024). Additionally, AR interventions have been found to improve performance, motivation, attention, and engagement among students with dyslexia, making learning more accessible and inclusive (Mokmin et al., 2025).
These findings collectively position AR as a powerful, inclusive educational tool capable of addressing diverse learner needs while fostering equitable access to meaningful learning experiences.
1.4 Research Gap
Although research on Augmented Reality (AR) in science education has expanded steadily over recent years, several critical gaps remain insufficiently addressed. In the Indian context, AR has primarily attracted sustained research attention within engineering and broader STEM domains (Faridi et al., 2021; Tuli et al., 2022; Kumar et al., 2022). Existing studies tend to focus largely on undergraduate education, with limited exploration at the school level (Dutta et al., 2023; Tuli et al., 2022). Investigations conducted at the secondary stage are comparatively few and scattered (Bhattacharyan et al., 2025; Gargrish et al.), indicating that systematic integration of AR into school science curricula is still emerging.
More specifically, studies targeting Grade VIII science curriculum content remain underrepresented. One of the few closely aligned studies is that of Sarkar et al. (2020), conducted at the elementary level, which reported that AR-based learning activities encouraged collaborative discussion and enhanced immersive engagement as learners physically interacted with their environment to explore mathematical concepts such as angles. However, similar empirical work focusing on middle-school science learning outcomes is notably scarce.
At the international level, AR research in special and inclusive education has been concentrated mainly in countries such as Turkey, Taiwan, and the United States (Turan & Atila, 2021; Yilmaz Yenioglu et al., 2024; Gulboy & Denizli-Gulboy, 2024; Wu & Tsai, 2024). While these studies frequently adopt quasi-experimental designs and report positive impacts across various science domains, there is a lack of peer-reviewed empirical research examining AR integration in science education for children with disabilities within the Indian context. Evidence addressing inclusive science learning—particularly for students with visual impairments—remains extremely limited. Thus, despite the promising global evidence base, two major gaps are evident:
1. A shortage of school-level AR studies aligned with the Indian science curriculum, especially at the middle-school stage.
2. A lack of research examining AR as a tool for inclusive science education among learners with disabilities in India.
Addressing these gaps is essential to understanding how AR can be pedagogically contextualized within Indian classrooms and used to support equitable science learning.
1.5 Research Questions
In response to the identified gaps, the present study is guided by the following research questions:
RQ1: What patterns can be identified in recent empirical research (2020–2025) regarding the implementation of Augmented Reality in school-level science education in terms of publication trends, geographical context, educational level, and research design?
RQ2: What evidence exists on the effectiveness of Augmented Reality as an instructional approach for improving learning achievement and supporting inclusive practices in science education among school students?


2. METHOD
2.1 Research Framework
This study adopts a Systematic Literature Review (SLR) approach. An SLR is a structured and rigorous method used to identify, collect, evaluate, synthesize, and critically present evidence from multiple research studies related to a specific research question or area of interest (Pati & Lorusso, 2018). To ensure transparency and methodological rigor in the selection of articles, the review followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) framework, which guided the processes of identification, screening, eligibility assessment, and inclusion based on predefined criteria.
2.2 Search Strategy and Databases
The literature search was limited to studies published between 2020 and 2025 to capture recent developments in the use of Augmented Reality (AR) in school science education. A structured Boolean search strategy was employed to ensure comprehensive retrieval of relevant studies.
The primary search string focused on AR applications in school-level science learning:
("Augmented Reality" OR "AR") AND ("science education" OR "science learning" OR "science teaching" OR "science instruction") AND ("middle school" OR "Grade 8" OR "junior high school" OR "secondary school") AND ("academic performance" OR "learning outcomes" OR "achievement" OR "knowledge gain").
To address the inclusive education dimension, a supplementary search string was used to identify studies related to disability and low-vision learners:
("Augmented Reality" OR "AR") AND ("low vision" OR "visual impairment" OR "learning disability" OR "special education" OR "inclusive education" OR "disability") AND ("science" OR "STEM") AND ("school" OR "Grade 8" OR "middle school").
These search strings were applied across selected academic databases to identify empirical studies aligned with the objectives of the review.
2.3 Inclusion and Exclusion Criteria
The following criteria were applied to all identified records during the screening and eligibility assessment phases, as presented in Table 1.





Table 1: Inclusion and exclusion criteria

	Inclusion Criteria
	Exclusion Criteria

	Studies published between 2020 and 2025
	Studies published before January 2020

	Studies employing AR-based teaching or intervention
	Studies using VR, MR, or non-AR immersive technologies only

	Empirical designs: experimental, quasi-experimental, RCT, Survey study , single-case experimental design (SCED), or mixed-methods with measurable outcomes
	Theoretical papers, literature reviews, opinion pieces, or conceptual frameworks

	Studies measuring academic performance, learning outcomes, skill acquisition, cognitive load, motivation, or engagement
	Studies without quantifiable or measurable learning outcome data

	Studies covering science, engineering, medical, and special education (Focus in science learning) 
	Studies focused solely on technical AR development without educational outcomes

	Published in peer-reviewed international journals indexed in Scopus, Web of Science, PubMed, or ERIC
	Grey literature: theses, dissertations, and conference abstracts without peer review &
Studies in languages other than English without a verified translation













Identification of studies via databases and registers

Records after duplicates removed
n = 872
(374 duplicate records removed)
Records identified through database searching
N= 1246 


Identification



Records excluded
n = 803
(Non-empirical = 374, non-AR = 198,
Not a science subject -176
, pre-2020 = 35, non-English language publication- 20)


Records screened 
(title & abstract)
n = 69


Screening


Full-text articles excluded
n = 50
(Inaccessible full text = 20,
Studies without quantifiable or measurable learning outcomes = 15, AR not primary intervention -15

Full-text articles assessed for eligibility
n = 69 





Studies included in the final SLR synthesis
n = 19
(Final evidence base for this review)
Included






Picture 1- Study protocol
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3.1 Distribution of Studies with respect to Publication Year
A total of 19 studies included in this review were published over a six-year period (2020–2025), indicating that research on the use of Augmented Reality (AR) in educational contexts is relatively recent yet rapidly expanding. The distribution of these studies by publication year is presented in Table 2, illustrating the emerging trend and growing scholarly attention to AR-mediated instruction in science education.

Table 2: Distribution of included studies in terms of publication year
	Publication Year
	No. of Studies (n)
	Authors

	2020
	2
	Sarkar et al. (India); Thees et al. (Germany)

	2021
	3
	Turan & Atila (Turkey); Faridi et al. (India); Hu et al. (Singapore)

	2022
	4
	Gargrish et al. (India); Kumar et al. (India); Tuli et al. (India); Hou et al. (China)

	2023
	4
	Dutta et al. (India); Alkhabra et al. (Saudi Arabia); Tian & Ironsi (China); Ciloglu & Ustun (Turkey)

	2024
	3
	Wu & Tsai (Taiwan); Yenioglu et al. (Turkey); Mitchell et al. (USA)

	2025
	3
	Mokmin et al. (Malaysia); Gulboy & Denizli-Gulboy (Turkey); Bhattacharya et al. (India)

	Total
	19
	2020–2025




Figure 1: Distribution of included studies with respect to publication year
As shown in Table 2 and Figure 1, in 2020, only n = 2 studies were found, one from India (Sarkar et al.), examining how AR enhanced geometry learning at the elementary level, and another from Germany (Theses et al.), which focused on the impact of AR on reducing cognitive load among undergraduate students in a physics AR laboratory. Publication output gradually increased from 2021 (n = 3), with studies from Turkey, India, and Singapore. This study mainly explored the impact of AR on science learning. In 2022, N=4 highest no of publication have found, which were dominated by studies from India ( Gargish et al., Kumar et al, Tuli et al.) and a clinical study from China with integration of AR (Hou et al.). These peaks show a major growing interest in AR-based learning framework particularly in the STEM field.  Publication output remains consistently strong in 2023 (N=4) with studies from India, Saudi Arabia, Chaina and Turkey. These studies mainly cover diverse perspectives of AR integration, including improving critical thinking, self-efficacy, and general science learning outcomes. Therefore, it has been clearly shown that in the post-pandemic period, AR integration in teaching and learning becomes continuous. In 2024 & 2025, each year contributed 3 studies. These studies mainly focus on teaching special children, like children with learning disabilities (Yenioglu et al 2024) , Intellectual and developmental disabilities (Wu & Tsai 2025). Therefore, it is shown that there is continuously growing research in the recent field of special education with the integration of AR.
3.2 Distribution of Studies with respect to Geographical Context 
The available studies based on Indian and abroad contexts have been distributed, as shown in Table 3.
Table 3: National vs. International studies — distribution (n = 19)
	National vs. International studies — distribution (n = 19)

	SL
	Category
	No. of Studies (n)
	Percentage (%)

	1
	National — India
	7
	36.8%

	2
	International — Others
	12
	63.2%

	
	Total
	19
	100.0%





Figure 2: National vs. International studies — distribution (n = 19)
In Table 3 and Figure 2, it has been observed that 7 studies (36.8%) were contributed nationally by India, and 12 studies (63.2%) originated from 8 international countries. All seven Indian studies majorly emphasize AR integration in teaching science and engineering subjects. It consistently demonstrates AR effectiveness in understanding concepts and memory retention in science subjects. It clearly reflects strong and growing evidence that directly support applicability of AR-based instruction in science education. 
3.3 Distribution of Studies with respect to Educational Level 
On the basis of various educational levels, the studies have been arranged and are shown in Table 4.
                Table 4: Distribution of studies with respect to educational level
	Distribution of 19 studies in terms of  educational level

	SL
	Educational Level
	No. of Studies (n)
	Percentage (%)

	1
	Undergraduate
	9
	47.4%

	2
	Elementary Level
	6
	31.6%

	3
	Secondary / Higher Secondary / High School
	4
	21.1%

	
	Total
	19
	100.0%



                                                             













Figure 3: Educational level -wise distribution of included studies (n = 19) 
In Figure 3 and Table 4, it has been observed that India contributed the highest number of studies (N=7; 36.8%) in this review, but six studies were conducted at the undergraduate level, and only one study was conducted at the elementary level in science education. In contrast, international studies from Turkey, Taiwan, and Malaysia demonstrated strong dominance at the elementary level with AR integration in teaching and learning processes (N=6; 31.6%), particularly focusing on AR-based special education interventions on students with Specific Learning Difficulties, Intellectual Disabilities, and Dyslexia. It reveals that no study comes across any educational level — national or international — specifically investigated AR as an instructional tool for students with low vision in Grade 8 science. Therefore, it confirms the primary research gap of this systematic review. 
3.4 Distribution of Studies with respect to Research Design 
The existing studies have been distributed on the basis of research design and are presented in Table 5.



Table 5: Distribution of studies with respect to research design
	Distribution of 19 studies in terms of  research design

	S
	Research / Study Design
	No. of Studies (n)
	Percentage (%)

	1
	Experimental Study
(incl. Quasi-Experimental)
	10
	52.63%

	2
	SCED Multiple-Probe
	4
	21.05%

	3
	Mixed Methods
	2
	10.53%

	4
	Qualitative Study
	1
	5.26%

	5
	Survey Study
	1
	5.26%

	6
	RCT Pilot
	1
	5.26%

	 
	Total
	19
	100.0%




Figure 4: Research design -wise distribution of included studies (n = 19) 
Figure 4 and Table 5 illustrate that quasi-experimental designs are the most prevalent (52%) across included studies. Single-Case Experimental Designs (SCED) (21%), which is observed only in special education literature. The RCT design is represented by one study (Hou et al., 2022), reflecting the methodological challenge of conducting randomized trials in educational settings. Therefore, quasi-experimental design has been recommended as a more evident and strong methodological rigour for future research on AR-based science instruction for students with low vision at the elementary level. Discussion
The findings of the reviewed studies demonstrate a notable consistency in outcomes, indicating that AR-mediated instructional strategies exert a positive influence on students’ academic performance across different grade levels in science learning. The gradual increase in publication output—from 2020 (N = 2) to 2022 (N = 4)—suggests a post-COVID-19 shift toward technology-oriented learning environments, reflecting the accelerated adoption of digital pedagogies during and after the pandemic.
Within the Indian context, the highest proportion of included studies (36.8%, N = 7) originated from India. However, a closer examination reveals that six of these studies were conducted at the undergraduate engineering level, rather than within school education. This is a significant observation, particularly in light of the strong emphasis placed on technology integration at the school level by the National Education Policy 2020. Despite this policy direction, AR-based interventions in school science subjects remain largely absent from the peer-reviewed literature included in the review.
Consequently, the lack of empirical research examining AR-supported science learning at the elementary level in India represents a critical gap. In contrast, international research trends indicate sustained efforts in countries such as Taiwan and Turkey, where studies have explored AR integration at the elementary stage, often within special or inclusive education settings. This disparity underscores the urgent need for contextually grounded experimental studies at the elementary level within inclusive classrooms in India, thereby providing a strong rationale for future research in this domain. 
3.6 Limitations of the Review
The present systematic literature review (SLR) is subject to certain limitations that may be considered while interpreting the findings.
(i) The database search was confined to publications available in the English language, which may have led to the exclusion of relevant studies published in regional Indian languages or other languages such as Turkish, Arabic, or German.
(ii) The review included only peer-reviewed journal articles, thereby excluding conference proceedings, dissertations, and other forms of scholarly outputs that might contain pertinent evidence.
(iii) The scope of the review was restricted to studies focusing on the integration of Augmented Reality (AR) in science and engineering-related concepts published during the period 2020–2025.
These limitations were adopted to ensure methodological consistency and manageability of the review, although they may limit the comprehensiveness of the evidence base.
4. Conclusion
[bookmark: _Hlk198031404]This systematic literature review synthesized 19 empirical studies published between 2020 and 2025 to examine the effect of AR-mediated instruction on school-level academic performance in science. The review reveals a consistent pattern of positive learning outcomes associated with the use of Augmented Reality in science education, highlighting its effectiveness in enhancing conceptual understanding, engagement, and achievement. However, a significant research gap was identified: no empirical study has yet investigated AR-based science instruction at the elementary level within the Indian context. Furthermore, the review found an absence of research examining the impact of AR interventions on science learning among students with low vision. These gaps underscore the need for context-specific experimental studies focusing on inclusive elementary science education. The findings of this review provide a strong evidence-based rationale for future research and offer important educational implications for curriculum designers, policymakers, and special educators seeking to integrate emerging technologies into inclusive science teaching practices.
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Distribution of studies in terms of  educational level (n = 19)
No. of Studies (n)	
Undergraduate	Elementary Level	Secondary / Higher Secondary / High School	9	6	4	

Distribution of studies with respect to research design (n = 19)
No. of Studies (n)	
Experimental Study
(incl. Quasi-Experimental)	SCED Multiple-Probe	Mixed Methods	Qualitative Study	Survey Study	RCT Pilot	10	4	2	1	1	1	Number of Studies (n)

Research Design


Distribution of studies with respect to publication year
 (2020–2025)
No. of Studies (n)	
2020	2021	2022	2023	2024	2025	2	3	4	4	3	3	Publication Year

Number of Studies (n)



National  vs. International studies (n = 19)
No. of Studies (n)	
National — India	International — Others	7	12	






