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ABSTRACT
With the advancement of modern educational

opportunities have emerged to enhance the quality of teaching and learning

technologies, new
in schools. Augmented Reality (AR), as one of the emerging technologies,
can play a significant role in the learning of scientific concepts—particularly
in elementary education—by providing interactive, visual, and multisensory
learning environments. The present study aims to systematically review
existing research on the impact of augmented reality on the learning of
scientific concepts among elementary school students. To achieve this goal,
a systematic search was conducted using both Persian and English keywords
three reputable databases: Scholar, Scopus, and
ScienceDirect, within the timeframe of 2005 to 2023. A total of 142 articles
were retrieved, and after removing duplicates, screening titles and abstracts,

across Google

and applying inclusion and exclusion criteria, 31 articles (15 in English and
16 in Persian) were selected for qualitative content analysis. The findings
revealed that augmented reality positively influences the learning of scientific
concepts, increases motivation, deepens understanding, and promotes active
student engagement. Furthermore, the use of AR in science education
enhances students’ cognitive and emotional interaction with learning

content.
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Introduction

In recent decades, the rapid advancement of technology has significantly
challenged traditional educational approaches and opened new pathways in
teaching and learning. Emerging technologies—particularly in the field of
education—have gained attention as empowering tools, increasingly used to
enhance the quality of learning (Heick, 2020). Among these technologies,
augmented reality (AR) has shown remarkable growth in recent years and is
gradually being integrated into formal education systems. AR, by blending digital
information into the real world, creates multisensory and interactive learning
experiences for students (Billinghurst & Duenser, 2012). In traditional education
systems, learning was often unidirectional, focused on transferring information
from teacher to student. However, with the emergence of modern technologies,
the learning process has shifted toward active learner participation and meaning-
making through interaction with content (Papplee, 2020). In this regard, the use
of augmented reality—particularly in elementary education, which serves as the
foundation of any educational system—can make learning experiences more
meaningful, deeper, and longer-lasting for young learners. Elementary education
is considered the most sensitive and fundamental stage of formal learning,
playing a vital role in developing scientific thinking, curiosity, and problem-
solving skills. Scientific concepts at this level are often abstract and challenging
for children to comprehend (Ayres, 2010). Since young learners acquire
knowledge primarily through sensory and concrete experiences, they require
tools that can make abstract ideas observable and interactive. By superimposing
virtual objects onto the real world, AR serves as an effective tool to facilitate the
understanding of complex scientific concepts (Yilmaz, 2021). Numerous studies,
both international and national, have investigated the effects of augmented
reality on the learning process. Findings indicate that AR enhances the
effectiveness of learning by making educational content more engaging,
interactive, focused, and conceptually accessible (Bacca et al., 2014; Alibeigi et
al., 2021). In science education in particular, AR has proven effective in
visualizing abstract topics such as molecular structures, blood circulation, the
solar system, and more—making them tangible and comprehensible for students
(Ibanez & Delgado-Kloos, 2018). Moreover, studies have shown that AR
increases learners’ motivation and eagerness to participate in educational
activities. Through interacting with 3D objects, students experience curiosity and
joy in learning, which contributes to the long-term retention of knowledge
(Sirakaya & Cakmak, 2018). In Iran, for example, a study by Arabzadeh and
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Karimi (2019) showed that the use of AR in elementary classrooms not only
improved students’ academic performance but also enhanced their satisfaction
with the learning experience. Despite these significant advantages, the
integration of AR in elementary education faces several challenges. These
include insufficient infrastructure, lack of standard educational resources, limited
teacher proficiency in digital tools, and a scarcity of localized research (Mazhari
et al., 2022). Therefore, identifying the potential, limitations, and actual impacts
of AR on learning scientific concepts—especially through a systematic review—
can provide valuable insights for educational policymakers, teachers, and content
developers. A systematic review is a rigorous and evidence-based research
method aimed at collecting, evaluating, and critically analyzing previous studies
to answer a specific research question (Booth et al., 2016). With its structured
approach, it allows for broader and more reliable conclusions on the topic under
investigation. The present study employs a systematic review methodology to
identify and analyze both national and international studies concerning the
impact of augmented reality on learning scientific concepts in elementary
education. The primary goal is to extract scientific evidence regarding the
effectiveness of AR in science learning and to provide a clear picture of its
opportunities and challenges within the context of elementary instruction.

Literature Review

With the growing use of modern technologies in education, augmented reality
(AR) has attracted increasing attention from researchers as a novel educational
tool. In recent years, numerous national and international studies have examined
the impact of this technology on various dimensions of learning, particularly in
teaching scientific concepts at the elementary level.

Kazemi and Karimi (2020), in a study titled “The Application of Augmented
Reality in Teaching Science to Fifth-Grade Students,” concluded that the use of
AR led to increased student motivation, better conceptual understanding, and
improved academic performance. Their findings emphasized that the
presentation of interactive and 3D content promotes greater learner engagement
in the classroom.

Rahmani et al. (2021) explored the impact of augmented reality on learning
scientific concepts in fourth-grade science classes. Their study found that AR
not only enhanced the depth of learning but also reduced learning anxiety and
increased student interest in the subject.
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In an international study, Yilbas (2019) demonstrated that using augmented
reality in teaching scientific concepts to children improved cognitive
performance, spatial understanding, and facilitated the learning of complex
topics such as the water cycle and cell structure. He further noted that AR, due
to its visual and interactive features, reduces learners’ cognitive load and leads to
more lasting learning outcomes.

Sarinie et al. (2020), in a study on “The Application of Augmented Reality in
Elementary Education,” highlighted the role of AR in promoting experiential
and active learning. They suggested that AR can serve as a complement to
traditional education by creating more effective learning environments.

Another study by Evans et al. (2021) found that the integration of augmented
reality in science instruction for elementary students had a direct impact on
enhancing problem-solving skills, critical thinking, and classroom participation.

Yazdani and Fattahi (2022) investigated teachers’ attitudes toward the use of
AR in elementary science education. The results revealed that although teachers
were interested in using AR, several barriers hindered its widespread application
in classrooms—chief among them being lack of equipment, insufficient digital
skills, and a shortage of standard educational content.

Garcia (2022), in a systematic review of 32 international articles, concluded
that augmented reality not only improves academic performance in science
subjects but also positively influences emotional aspects of learning, including
enthusiasm, curiosity, and self-confidence.

Considering the findings of these studies, it can be concluded that augmented
reality holds great potential in improving the quality of science education in
elementary schools. However, further investigation is needed, especially
regarding its practical implementation, challenges in classroom integration, and
long-term effects on student learning.

Methodology

The present study is a systematic review aimed at collecting, analyzing, and
synthesizing existing research on the impact of augmented reality (AR) on
learning scientific concepts in elementary education. This method provides a
comprehensive and evidence-based perspective on the topic under investigation.
In the first phase, a systematic search was conducted in three reputable scientific
databases-Google Scholar, Scopus, and ScienceDirect-to identify relevant
sources. The search process involved the use of both Persian and English
keywords, including: “Augmented Reality,” “Science Learning,” “Elementary



A Systematic Review of the Impact ...
Mosavar, Page | 69

Students,” and “Educational Technology.”The search covered a time range from
2005 to 2023, ensuring a broad and up-to-date coverage of relevant literature. A
total of 142 academic articles were initially retrieved. After removing duplicates,
screening titles and abstracts, and applying inclusion and exclusion criteria, 28
articles (15 in English and 13 in Persian) met the eligibility requirements and
were selected for in-depth analysis. The inclusion criteria were as follows:
e Studies focusing on the impact of augmented reality on the learning of
scientific concepts
¢ Research conducted on elementary school students
e DPublications in reputable academic journals
o TFull-text accessibility of the articles
The exclusion criteria included:
e Studies not centered on elementary education
Lack of access to full-text articles
Weaknesses in research design or methodology
e Focus solely on technical or software-related aspects without examining
educational effects.

Following the final selection of studies, qualitative inductive content analysis
was used for data analysis. In this phase, the unit of analysis was defined, and
main themes were extracted from each study. Similar themes were categorized
and coded into conceptual clusters. Ultimately, the findings of the selected
studies were organized into several core themes and interpreted accordingly. The
purpose of this analytical approach was to reach a cohesive understanding of the
impacts, opportunities, and challenges associated with the use of augmented
reality in teaching scientific concepts to elementary students and to provide a
clear framework for the futuristic application of this technology in the formal
education system of the country.

Discussion and Conclusion

The aim of this study was to systematically review existing research on the impact
of augmented reality (AR) on the learning of scientific concepts among
elementary school students. The findings from the review of 18 scholarly articles
indicate that AR has multifaceted, positive, and significant effects on teaching
and learning processes in elementary science education. In this section, the core
results of the study are interpreted and discussed in light of theoretical
frameworks and prior research. 1. Facilitating the Understanding of Complex
Concepts: The findings reveal that AR, through its three-dimensional,
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interactive, and visual content, facilitates students’ understanding of abstract and
complex scientific concepts. Topics such as the water cycle, cell structure,
magnetic fields, and states of matter—often difficult to comprehend through
traditional textbooks—become more accessible through simulation and direct
experience. This is consistent with the results of studies such as Akgayir &
Akgayir (2017) and Wu et al. (2013), which emphasize AR’s ability to promote
“active conceptualization” of scientific content. 2. Enhancing Motivation,
Interest, and Student Engagement: A prominent impact of AR, as reported in
the reviewed studies, is its role in fostering intrinsic motivation among students.
AR transforms the learning environment into a game-like, interactive space,
increasing student interest, attention, and active participation. This feature is
especially critical for younger students whose learning is closely tied to
enjoyment and emotional engagement (Bacca et al, 2014). In educational
systems where capturing children’s attention is a challenge, AR can serve as a
highly effective solution. 3. Promoting Active, Interactive, and Self-Regulated
Learning: Due to its interactive nature, AR actively involves learners with
educational content. Many reviewed studies found that AR leads to improved
self-regulated learning, increased self-confidence, and a stronger sense of learner
agency. Unlike traditional methods that position the learner as a passive
recipient, AR enables students to act as explorers in their learning journey. This
aligns with constructivist theories by scholars such as Vygotsky and Piaget, who
view learning as an active and social process (Yilmaz, 2008). 4. Developing
Higher-Order Cognitive Skills: The reviewed studies show that AR is not limited
to the transmission of information; it also enhances skills such as analysis,
evaluation, problem-solving, and creativity. Several studies reported that
students who engaged with AR-based science content performed better in
problem-solving tasks and conceptual assessments. This is especially important
in science education, which relies on inductive and process-oriented thinking
(Radu, 2014). 5. Reducing Cognitive Load and Improving Educational Access
Another key result is AR’s ability to reduce cognitive load through multisensory
learning. By combining visuals, sound, and interaction, AR supports
simultaneous processing of information and alleviates mental strain.
Furthermore, its flexibility to be used in various settings—home, classroom, or
outdoor environments—enhances educational accessibility and supports
educational equity. Students from diverse backgrounds can benefit from equal
learning opportunities (Cheng & Tsai, 2013). 6. Practical Requirements and
Challenges Despite these advantages, several limitations and challenges must be
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considered in implementing AR in elementary education. These include the cost
of equipment, lack of appropriate technological infrastructure, the need for
teacher training in designing interactive content, and balancing digital content
with traditional learning methods. Although most reviewed studies reported
positive outcomes, the success of AR depends on proper instructional design,
accurate learner needs assessment, and alignment with curriculum objectives.
Final Conclusion Based on the findings of this systematic review, augmented
reality can be considered a powerful tool in elementary science education. In
addition to its appeal and interactivity, AR’s features—such as visualization,
facilitation of learning, increased motivation, and cognitive skill development—
can contribute meaningfully to long-term learning outcomes. To realize this
potential, it is essential for educational policymakers, teachers, and instructional
designers to take deliberate steps toward the effective integration of AR into the
school curticulum.
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