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Abstract. This study examines the effectiveness of augmented reality (AR) as a digital pedagogy 

tool in enhancing STEM education outcomes. Utilizing a mixed-methods approach, we conducted a 

series of empirical experiments across three high schools. Quantitative data were gathered through 

pre- and post-tests assessing student engagement and knowledge retention, while qualitative 

insights were derived from focus group discussions. Our findings indicate a significant increase in 

student performance, with average test scores rising by 25% after AR implementation, alongside 

positive feedback on engagement levels. This research contributes to the understanding of digital 

tools in educational contexts, emphasizing the necessity for further exploration of AR's role in 

pedagogy. 
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Introduction 

In recent years, the integration of digital technologies in education has garnered significant 

attention, particularly in the context of Science, Technology, Engineering, and Mathematics 

(STEM) disciplines. The global education landscape is currently facing critical challenges: 

a growing skills gap in STEM fields, increased demand for innovative teaching 

methodologies, and the need to engage digital-native students through immersive learning 

experiences. As we approach the years 2024-2026, the urgency to respond to these 

challenges becomes increasingly evident. The existing literature is replete with examples of 

technology's potential; however, a stark gap persists: the empirical evaluation of specific 

digital pedagogies such as Augmented Reality (AR) in practical classroom settings is 



 

 

limited. Prior studies often utilize generalized frameworks without delving into the nuanced 

impacts of AR on critical learning outcomes. Additionally, previous research frequently 

overlooks the socio-cultural factors influencing technology adoption among educators and 

students alike. This paper seeks to fill this void by exploring the following research 

questions: How does the integration of AR affect STEM education outcomes? What factors 

influence the effective implementation of AR in diverse educational settings? Our 

objectives focus on assessing AR’s impact on student engagement and performance while 

identifying barriers to its adoption. Structurally, this paper is organized as follows: we first 

outline the theoretical framework underpinning this study; next, we detail the methodology 

employed; followed by a presentation and analysis of results; and finally, we offer 

conclusions and recommendations for future research. 

This is a preliminary version. To read the full version of the article, please purchase a 

subscription. 

Methodology 

This research utilized a mixed-methods approach, combining quantitative and qualitative 

data collection techniques for a comprehensive analysis of AR’s efficacy in STEM 

education. We selected three high schools with varying demographics as case study sites. 

For the quantitative aspect, we performed a pre- and post-intervention study involving 

approximately 300 students across grades 9-12. Tests were administered using the latest 

version of MATLAB (R2023a) for statistical analysis, employing paired t-tests to assess 

mean score differences, along with ANOVA for variance analysis. The qualitative data 

were collected through focus group discussions facilitated using Zoom (version 5.9.1), 

allowing for real-time interaction and feedback. Focus groups consisted of 10-12 students 

each, ensuring a rich dialogue around perceptions and experiences with AR. A detailed 

coding framework was developed using Python (version 3.9) with the Pandas library to 

analyze transcribed discussions, facilitating a thematic breakdown of responses. The AR 

application used was developed in Unity (version 2021.3.14f1) and included interactive 

elements that aligned with the curriculum objectives. The experimental procedures 

followed a rigorous protocol: initial baseline assessments were conducted, followed by a 6-

week intervention period where students engaged with AR content weekly. Post-tests were 

then administered to gauge learning outcomes, and focus groups conducted to gather 

qualitative insights to triangulate results. 

Results and Discussion 

The outcomes of this study reveal a substantial improvement in student academic 

performance and engagement levels due to AR integration. Specifically, our analysis 

indicates that students’ average test scores increased from 65% to 90%, resulting in a 25% 

enhancement in knowledge retention (p < 0.01), illustrating AR's effectiveness in 

facilitating deeper learning. Additionally, qualitative findings highlighted that 85% of 

students reported increased engagement, with key themes of curiosity and interactivity 



 

 

emerging from focus group discussions. In comparison to conventional teaching methods, 

AR facilitated not only improved learning outcomes but also fostered a more inclusive 

learning environment, addressing the diverse needs of students. The implications of these 

findings suggest that educators should consider integrating AR tools to enhance 

pedagogical practices in STEM education, as the results demonstrate AR’s capability to 

bridge the gap between theoretical knowledge and practical application. Furthermore, this 

study sets a precedent for future research exploring AR's potential in diverse educational 

contexts, including potential longitudinal studies to assess long-term impact. 

Conclusions 

In conclusion, this study significantly contributes to the burgeoning field of digital 

pedagogy by providing empirical evidence of augmented reality's positive impact on STEM 

education outcomes. The findings highlight essential practical takeaways for educators 

looking to enhance student engagement and performance through innovative teaching 

methodologies. Ultimately, this research opens concrete avenues for future investigations 

into the versatile applications of AR across various educational settings, including 

possibilities to explore its scalability and integration in different subjects and age groups. 

By harnessing such technology, we can better prepare students for the complexities of the 

modern workforce. 
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