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Abstract—The evolution and contemporary applications of
instructional technology, particularly the transformative impact
of Augmented Reality (AR) in education, are comprehensively
explored in this study. Tracing the journey from early visual aids
to sophisticated AR, the aim is to highlight continuous efforts
to enhance educational experiences. The effectiveness of AR in
increasing student engagement, comprehension, and personalized
learning across various disciplines is critically assessed, revealing
its potential to transform abstract concepts into tangible
experiences. Additionally, challenges in AR adoption, such
as technological constraints, the necessity for comprehensive
educator training, and strategic curriculum integration, are
discussed. The objective here is to identify research gaps,
emphasizing the need for standardized evaluation methods, larger
sample sizes, and long-term impact studies to fully understand
AR’s potential. This exploration aims to provide a comprehensive
understanding of AR’s capability to revolutionize education and
to identify pathways for future research and development in this
dynamic field.
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I. INTRODUCTION

Augmented Reality (AR) is a technology that enriches
the real-world environment by superimposing digital elements
onto it, providing interactive experiences spanning multiple
disciplines including education, healthcare, and entertainment
[1]. The incorporation of technology in education has
revolutionized teaching and learning, leading to dynamic,
engaging, and personalized educational experiences [2].
Starting by exploring the historical evolution of instructional
technology, with a focus on the transformative impact of
AR in modern education. From the early use of visual
aids such as photographs, slides, and films in the early
20th century, technology has steadily advanced educational
methods. Despite early predictions about the revolutionary
potential of motion pictures, challenges related to educational
quality, costs, and resistance to change meant these tools
remained supplementary [3]. The introduction of computers
and the internet in the late 20th century represented a
major transition towards more engaging and easily accessible
learning approaches, including computer-based training and
online education platforms [4]. The late 1990s saw a surge in
online and blended learning methodologies, further enhancing
instructional methods through improved access, flexibility, and
reduced costs [3].

The proliferation of smartphones and mobile applications
has revolutionized instructional technology, enabling
interactive and contextually enriched learning through

educational apps and AR technologies [5]. AR, being the
latest advancement in instructional technology, superimposes
digital information onto the real world, turning abstract
concepts into concrete experiences and greatly improving
learning outcomes [6]. For instance, AR has been shown
to improve cognitive engagement among young learners in
language learning [7].

AR applications extend to fields such as engineering, where
students can simulate circuit diagrams in real-time using AR
and deep learning technologies [5]. However, integrating AR
into educational practices poses several challenges, particularly
regarding educator readiness. Comprehensive training and
support systems are essential to provide educators with
the necessary skills and confidence to use AR technology
effectively [8].

The acceptance and use of AR are influenced by factors
such as perceived usefulness, ease of use, playfulness,
and quality output, which are crucial for maintaining
student interest and facilitating learning [9]. The evolution
of instructional technology, culminating in AR integration,
exemplifies a shift towards collaborative, socially situated
learning approaches. This shift aligns with constructivist
learning theories, advocating for educational technologies that
support cooperative learning and knowledge construction [10].
Effective AR integration promises to create new social norms
and methods of learning, connecting theoretical knowledge
with practical application [11]. While it is important to build on
existing literature, it is equally crucial not to focus exclusively
on finding new gaps. If the gaps identified several years ago
still persist and remain unresolved, they deserve continued
attention.

PAPER STRUCTURE

1)  Section II: Provides a comprehensive overview of the
historical evolution of instructional technologies, with
a particular focus on the emergence and application
of AR in education.

2)  Section III: Examines the current perceptions of
AR in educational settings, including its impact on
student engagement, comprehension, and motivation.

3) Section IV: Discusses how AR is transforming
education, highlighting its role in enhancing
learning across various disciplines, such as science,
mathematics, and engineering.

4)  Section V: Explores strategies to maximize the
benefits of AR in education, emphasizing strategic
integration, contextualized teaching, and professional
development for educators.
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5)  Section VI: Focuses on the roles of educators and
students in the effective utilization of AR technology
in classrooms.

6) Section VII: Reviews related works, providing
insights into AR applications across diverse
educational contexts and their contributions to
academic performance and skill development.

7) Section VIII: Presents a detailed discussion,
addressing persistent gaps in AR educational
research, including the need for Long-term memory
retention studies, gamification strategies, and
enhanced storytelling techniques.

8) Section IX: Concludes the study, summarizing
key findings, implications for future research, and
recommendations for integrating AR effectively into
educational practices.

II. THE HISTORY OF INSTRUCTIONAL TECHNOLOGY:
FROM VISUAL AIDS TO AUGMENTED REALITY

The journey of instructional technology from its nascent
stages in the early 20th century to the sophisticated realm
of AR reflects a continuous quest to enhance educational
methods and engagement. Initially, the educational media
movement sought to transform teaching through visual aids
like photographs, slides, and films. Despite Thomas Edison’s
ambitious prediction about motion pictures revolutionizing
education, the movement faced challenges such as educational
quality concerns, cost, equipment issues, and resistance to
change, resulting in visual materials remaining supplementary
rather than central to education [3].

With the dawn of the internet era in the late 1990s,
distance education underwent a significant transformation,
marking a pivotal moment in the history of instructional
technology. This period saw a surge in online learning
within higher education and institutional training, heralding
a new age of accessibility and flexibility in education.
The introduction of blended learning methodologies further
emphasized the role of technology in providing improved
instructional methods, enhancing access and flexibility, and
reducing costs. The proliferation of mobile devices enabled
learning beyond traditional classroom settings, facilitating
personalized educational experiences tailored to individual
learner needs and interests [3]. As technology progressed,
the introduction of computers and the internet in the late
20th century marked a significant evolution in instructional
technology. This period saw a shift towards more interactive
and accessible forms of learning, such as computer-based
training and online education platforms. The development
of Learning Management Systems (LMS) like Blackboard
and Moodle facilitated a more structured and accessible
educational experience through digital means [4].

The digital revolution marked a significant turning point,
with the advent of the internet and personal computing
ushering in an era of dynamic and personalized learning
experiences. Digital multimedia, interactive simulations,
and computer-based training began to take center stage,
emphasizing the integration of verbal and visual information
to enhance learner comprehension. This period also saw the
rise of online courses, video lectures, and tutorials, facilitated
by the spread of the internet and mobile technologies, thus
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supporting both formal and informal learning environments.
The effectiveness of video instruction, when designed
according to evidence-based principles such as signaling and
segmenting, was notable for its ability to guide learners’
attention and cognitive processing effectively [12]. In recent
years, the incorporation of smartphones and mobile apps into
education has further revolutionized instructional technology.
Smartphones facilitate the use of educational applications
and AR technologies, making learning more interactive and
contextually rich. For instance, engineering students can now
use smartphone apps to simulate circuit diagrams in real-time,
using AR and deep learning technologies to recognize and
analyze hand-drawn circuits, thus bypassing more cumbersome
traditional simulation tools [5].

Furthermore, platforms like Google Classroom have
revolutionized classroom management and educational
delivery, allowing for flexible, accessible, and interactive
learning experiences. Such platforms support various
educational activities, from distributing assignments to
facilitating communication between students and teachers,
thus enhancing both learning and teaching experiences [4].
As the field continued to evolve, a divergence in terminology
and focus emerged, distinguishing between Educational
Technology and Instructional Technology. The former relates
to the broad spectrum of learning and teaching processes,
while the latter is more narrowly focused on guiding
learning in specific subjects. This distinction underscored the
increasing attention on the role of technology in educational
environments and its impact on teaching and training processes
[13].

The advent of AR in educational environments marks
the newest advancement in instructional technology, offering
immersive and interactive learning opportunities, AR overlays
digital content onto the physical world, turning abstract
concepts into concrete experiences and thus improving
learning outcomes. This innovation has been applied to
language learning, as demonstrated by Wen [7], where
AR-supported activities significantly improved cognitive
engagement among young learners. These activities leverage
AR to foster collaborative problem-solving and -creative
expression, emphasizing the active participation of learners in
constructing their learning contexts [14] [7]. The evolution of
instructional technology, culminating in the integration of AR,
exemplifies a shift towards more collaborative, socially situated
learning approaches. This shift aligns with constructivist
learning theories, advocating for educational technologies that
support cooperative learning and knowledge construction. The
effective incorporation of technology in education, especially
through innovations like AR, has the potential to establish
new social norms and approaches to learning, inquiry, and
collaboration [10].

The progression of instructional technology from its basic
origins to the advanced application of AR in education
demonstrates a continuous stream of innovation focused on
improving teaching and learning. As AR technologies evolve,
their incorporation into educational settings is expected to
further transform the ways knowledge is acquired and applied,
heralding a new era of immersive learning experiences that
connect theoretical knowledge with practical application [11]
(Fig. 1).
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Fig. 1. From visual aids to AR [3] [4].

III. PERCEPTION OF AUGMENTED REALITY IN
EDUCATION

A key aspect of AR’s perception in education centers
around its ability to increase engagement and motivation
among students. Studies have shown that AR’s interactive
and visually appealing nature makes learning more engaging
and enjoyable, which can lead to better comprehension and
retention of information. For instance, in a study on AR’s
application in solar system education, students reported that
AR made learning more transparent, interesting, easier to use,
and significantly enhanced their understanding of complex
astronomical concepts [15].

Moreover, AR has been positively received for its potential
to facilitate personalized learning experiences. It allows
students to explore learning materials at their own pace
and in a manner that suits their learning style, which is
particularly effective in subjects that benefit from visual
and experiential learning methods. For example, in STEAM
education, an AR-enhanced English course demonstrated that
AR enhance interactivity and engagement in language learning,
significantly boosting students’ perceptions of learning and
technology [16].

However, the integration of AR into everyday educational
practices poses several challenges, particularly concerning the
readiness of educators. A study in Malaysia found that while
there is significant interest among educators in adopting AR,
factors such as perceived usefulness and ease of use are
vital for its acceptance and integration into teaching methods.
This underscores the importance of providing comprehensive
training and support systems to equip educators with the skills
and confidence needed to effectively utilize AR technology [8].

The use of AR in classrooms has been shown to
significantly increase student engagement and motivation.
By providing a dynamic learning environment that goes
beyond traditional textbooks and lectures, AR encourages
active participation and can lead to deeper understanding
and retention of information. This engagement is particularly
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evident in fields that benefit greatly from visual aids, such as
sciences and mathematics, where AR can illustrate complex
equations or scientific processes in real-time, enhancing both
learning and teaching experiences [17].

However, the acceptance and use of AR in educational
settings are influenced by several factors, as modeled by the
extended Technology Acceptance Model (TAM). This model
includes traditional factors like perceived usefulness and ease
of use, which have been shown to directly influence students’
behavioral intentions to use AR.

Additionally, external factors such as playfulness and
quality output also play significant roles. These elements
enhance the educational experience by making learning
enjoyable and ensuring that the AR applications are of high
quality, which is crucial for maintaining student interest and
facilitating learning. Despite the positive aspects, challenges
remain in the widespread adoption of AR in education. These
include technological limitations, the need for significant
investment in AR infrastructure, and the requirement for
teacher training on AR usage.

Moreover, educational institutions need to ensure that
AR tools are seamlessly integrated into the curriculum in a
way that enhances educational outcomes without replacing
traditional, effective teaching methods [9]. As AR technology
continues to advance and become more widely available, its
integration into educational curriculum is expected to expand,
highlighting the ongoing need for professional development
for educators in this innovative technology [8] (Fig. 2).
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Fig. 2. Impact of augmented reality on educational practices [15] [16].
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IV. TRANSFORMING EDUCATION WITH AUGMENTED
REALITY: ENHANCING ENGAGEMENT, UNDERSTANDING,
AND PERSONALIZED LEARNING ACROSS VARIOUS FIELDS

AR is revolutionizing the educational landscape by
providing innovative methods to engage students and improve
learning outcomes. By visualizing abstract concepts, AR
significantly enhances student engagement and conceptual
understanding [18]. In crime scene investigation training, AR
improves the education and training of analysts, offering
immersive experiences that boost motivation and information
retention [19]. The ability of AR to engage multiple senses
simultaneously has been demonstrated to enhance learning
outcomes [20]. Furthermore, AR creates vivid, interactive
learning environments for remote education [21] and enhances
spatial abilities and problem-solving skills [22].

In the realm of mathematics education, AR aids
in visualizing complex concepts, making learning more
approachable and engaging [23]. Biology education also
benefits from AR, which enhances the learning experience
with interactive models [24]. Similarly, veterinary anatomical
education utilizes AR models to provide in-depth learning of
animal anatomy [25]. In engineering education, AR mobile
applications offer new and enriched learning experiences [26].

AR applications designed for learning about computer
network devices improve understanding through interactive
simulations [27]. In pilot education, AR shows potential
by enhancing training with immersive simulations [28].
Additionally, AR technology has been used experimentally to
determine student learning outcomes, offering valuable insights
[29]. In science education, AR applications provide immersive
learning experiences in higher education settings [30].

AR promotes the development of cognitive activities
in students [31] and benefits the learning of mathematical
functions by improving spatial intelligence [32]. It supports
the preparation of education projects by providing immersive
tools [33], and prepares specialists for the technological era
through engaging, immersive experiences [33].

The development of AR mobile applications enhances
project-based learning with projection drawings [34]. Reviews
of AR’s educational applications highlight their effectiveness
[35]. Lastly, the versatility of AR is demonstrated through its
potential applications in various educational branches [36].

In conclusion, AR is a transformative technology
poised to revolutionize education by enhancing engagement,
understanding, and personalized learning experiences across
various educational fields. This technology not only makes
learning more interactive and engaging but also prepares
students and professionals for the demands of the modern
technological era.

V. INSIGHTS TO ENHANCE THE BENEFITS OF AR FOR
EDUCATION

A. Strategic Integration and Contextualized Teaching

The strategic integration of AR in education involves
aligning it with educational goals to improve learning
experiences and achieve desired educational outcomes [37].
Emphasizing contextualized teaching approaches is crucial.
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Teachers should integrate AR in a way that fits the specific
context of their lessons, enhancing the learning experience
rather than distracting from it [38].

B. Improved Comprehension and Engagement

AR aids in better comprehension by allowing students
to visualize complex concepts interactively [39]. This
immersive experience makes learning more engaging and
enjoyable, leading to improved retention of information
[40]. Additionally, AR can reduce stress and anxiety in
educational settings by making learning more enjoyable and
less intimidating, thus fostering a better learning environment
[41].

C. Student Preferences and Performance

A significant number of students have indicated a
preference for e-learning methods that incorporate AR, as these
methods provide a more engaging and interactive learning
experience [42]. This preference highlights the significance of
integrating AR into educational frameworks to meet student
expectations and enhance learning outcomes [43].

D. Enhanced Spatial Abilities and Immersive Experiences

The use of technology, including AR, significantly
increases students’ spatial abilities, which is critical in subjects
such as mathematics and engineering. This enhancement helps
students grasp spatial relationships and geometrical concepts
more effectively [39]. AR make learning more immersive and
experiential, leading to a deeper understanding and retention of
material [38]. AR-based programs have demonstrated a notable
enhancement in students’ academic performance and practical
skills. One study revealed that an AR program led to significant
improvements in these areas [44].

E. Teacher and Student Perceptions

Teachers generally have a positive perception of AR, noting
its potential to make lessons more dynamic and interactive
[45]. However, professional development is necessary to
support teachers in effectively incorporating AR into their
teaching practices. [46]. On the other hand, AR has been
shown to boost student motivation by making learning more
engaging and interactive.[47]. Initial teacher training with AR
helps future educators understand its benefits and challenges,
preparing them to use this technology effectively in their
classrooms [48].

F. Real-World Applications and Learning Preferences

AR can bridge the gap between theoretical knowledge
and real-world applications by providing students with
interactive simulations and models. This practical application
of knowledge enhances students’ understanding and skills [37].
Different students have different learning preferences, and
AR can accommodate different learning styles by providing
visual, auditory, and kinesthetic learning experiences [49]. This
adaptability makes AR a versatile tool in education. It also
emphasizes the importance of creating dynamic and interactive
content for AR applications to maximize their effectiveness in
educational settings. This comprehensive overview highlights
the critical need for engaging and interactive content to
enhance their impact in educational environments [50].
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G. Enhancing Learning Outcomes with AR

AR supports the cultivation of key skills like problem-
solving, critical thinking, and teamwork. A novel Alternate
Reality Game-enhanced instructional strategy has been
developed, significantly improving students’ problem-solving
and critical thinking abilities. By integrating interactive and
immersive AR experiences into the curriculum, students are
better equipped to tackle complex problems, think critically
about various scenarios, and collaborate effectively with their
peers. This novel method not only boosts student engagement
and understanding in learning but also ensures that students
develop and hone essential skills necessary for success in
academic and real-world environments [51] [52].

Furthermore, it encourages active learning methodologies,
ensuring that technology, content, and pedagogy are well-
aligned to maximize learning outcomes. This experimental
research aims to advocate e-learning approaches that integrate
AR for better learning outcomes [53]. The potential of
AR to revolutionize education is evident in its ability to
create interactive and collaborative learning environments. By
promoting engagement and fostering essential skills, AR is
poised to be a critical component in modern educational
strategies. Ongoing research and development in this field
continue to show promising results, further solidifying AR’s
role in enhancing learning outcomes [54].

VI. THE ROLE OF THE EDUCATOR AND STUDENT IN
USING AR IN EDUCATION

A. Role of the Educator

Educators play a critical role in integrating AR
technologies into the educational process. They facilitate
learning through digital tools and ensure these technologies
are used effectively to enhance the educational experience
[55]. Educators are responsible for providing entrepreneurial
education and supporting students in recognizing opportunities,
fostering an innovative mindset [56]. Their role extends to
integrating AR/VR technologies into the curriculum, creating
immersive and interactive learning environments [57]. In the
digital era, educators must master digital-based learning media
and foster digital skills among students to prepare them for
the modern workforce [58]. They also facilitate students’
understanding of concrete facts, plan and conduct practical
activities, and support engagement with AR tools [59].
Furthermore, educators are instrumental in creating hybrid
learning spaces that enhance students’ employability[60]. The
educators’ role includes fostering critical thinking and ensuring
that the educational content delivered through AR is relevant
and challenging [61]. They must also facilitate research work
and support students in engaging with AR tools for practical
and theoretical learning [62]. Moreover, they play a role in
helping students adapt to AR-enhanced learning environments,
which can involve a steep learning curve [63]. Additionally,
educators are involved in the choice of pedagogical strategies
for preparing STEM teachers to incorporate AR technologies
into their teaching[64] effectively. They must also integrate
AR tools into subjects such as geometry to enhance spatial
understanding and engagement [65]. Moreover, educators
facilitate the effective use of AR in MOOCs, improving
accessibility and interaction in online learning environments
[66].
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B. Role of the Student

Students are active participants in the learning process
when using AR technologies. They engage with digital tools
and participate in interactive and immersive learning activities
essential for developing practical skills and knowledge [55].
Students recognize entrepreneurial opportunities and enhance
their self-efficacy through entrepreneurial education provided
by educators [56]. In an AR/VR learning environment,
students engage with immersive and interactive content,
significantly enhancing their learning experience and retention
of information [57]. They adapt and thrive in digital learning
environments, developing digital skills and competencies
necessary for the modern workforce [58]. Additionally,
students engage in immersive learning experiences, perform
practical activities, and apply their knowledge in real-world
scenarios facilitated by AR technologies [59]. Students are
also responsible for actively participating in hybrid learning
spaces and leveraging these environments to enhance their
employability [60]. They engage with AR tools to improve
their critical thinking abilities and learning gains [61].
Furthermore, students are expected to use AR technologies
in their research work, gaining practical experience in their
field of study [62]. In the context of teacher education,
students (future teachers) are trained to use AR in educational
processes, preparing them to implement these technologies in
their future classrooms [63]. They also play a crucial role in
engaging with AR tools to foster understanding and retention
of educational content [66]. Additionally, students benefit from
the integration of AR in subjects like geometry, enhancing
their spatial reasoning and engagement with the material [65].
They also experience enhanced performance and engagement
through the use of quick response (QR) codes and AR in
textbooks, making learning more interactive and accessible
[67] (Fig. 3).

VII. RELATED WORKS
A. Science and Technology Education

Augmented Reality (AR) has demonstrated significant
benefits in science education, particularly in complex
subjects like physics and nursing. Thees revealed that AR-
assisted setups significantly reduce extraneous cognitive load
and improve student performance compared to traditional
setups. This improvement makes complex concepts more
comprehensible and engaging, thereby enhancing overall
learning outcomes [68]. Similarly, the study by Rodriguez
highlighted AR’s positive influence on academic performance
and engagement in both online and face-to-face settings.
This showcases AR’s adaptability to various instructional
environments, providing flexibility in delivering educational
content [69].

In educational technology, AR systems enhanced with
deep learning recommendations, as explored by Lin, improved
learning achievement and computational thinking abilities.
This highlights the integration of advanced technologies
with AR to optimize learning processes and outcomes [70].
Additionally, Thees, (2022) demonstrated that AR head-
mounted displays provide more immersive and -effective
learning experiences during laboratory work, reducing
cognitive load and improving learning outcomes [71]. Kriiger,
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Fig. 3. The diagram highlights the distinct roles of educators and students in
integrating and utilizing AR technology in education [55] [58].

(2022) illustrated that 3D AR visualizations led to a
higher understanding of spatial relationships compared to 2D
visualizations, emphasizing the importance of dimensionality
in AR content [72].

B. Cultural Heritage and Language Learning

AR has proven to be highly beneficial in both cultural
heritage and language education. Gong elaborated that AR
significantly enhances visitor engagement and educational
outcomes in museum settings, providing an interactive learning
experience that makes cultural artifacts more accessible and
engaging [73]. Similarly, Rivas states that AR enhances
students’ engagement and understanding of cultural heritage
through immersive storytelling, making historical and cultural
content more relatable and memorable[74]. In the realm of
language learning, the study conducted by Ersanli showed
that integrating AR with storytelling boosts vocabulary
acquisition and motivation in English language learners,
making language learning more dynamic and enjoyable [75].
Additionally, Danaei found that AR storybooks enhance
reading comprehension in children, outperforming traditional
print storybooks with features such as narrators’ tone and 3D
visuals, which make the reading experience more engaging and
effective [76]. Overall, AR has been shown to significantly
improve educational outcomes and engagement across various
learning contexts.

C. Early Childhood and Primary Education

AR applications have shown promising results in early
childhood and primary education, significantly improving
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academic performance by making abstract concepts more
tangible and engaging for young learners [77]. Similarly,
Valencia displays that AR boosts academic performance
in high school settings, suggesting its effectiveness across
different educational levels [78]. Additionally, Midak
demonstrated that AR, specifically through the LiCo.STEM
mobile app, enhances students’ understanding and engagement
in natural science concepts by enabling interactive and hands-
on learning experiences [79]. Reinforcing these findings, the
study by kruger discovers that 3D visualization leads to higher
spatial relational knowledge, enhancing comprehension in
subjects benefiting from spatial understanding [72]. Moreover,
thees reported that AR conditions result in significantly
lower extraneous cognitive load and better performance,
highlighting the cognitive benefits of AR in complex subjects
[68]. Collectively, these studies underscore the potential of
AR to enhance educational outcomes across various subjects
and educational levels by providing interactive, immersive
learning experiences that improve understanding, engagement,
and academic performance.

D. Cognitive and Motivational Aspects

Bork emphasized the role of AR in enhancing emotional
engagement and learning in medical contexts. This study
indicates that collaborative AR experiences can foster deeper
understanding and retention of complex anatomical knowledge
[80]. Jdaitawi revealed a significant positive impact of AR on
student motivation. Utilizing a quasi-experimental design with
a pretest-posttest control group, this study shows that AR can
effectively increase students’ interest and engagement in their
studies [81]. Additionally, Chen highlighted the potential of
AR to enhance problem-solving abilities and critical thinking
skills. This technology provides interactive and stimulating
learning environments that encourage active participation and
cognitive development [82]. Furthermore, studies from various
domains reinforce these findings. For instance, research on
AR in physics education revealed that AR-assisted setups
significantly lower cognitive load and improve performance
[68]. Similarly, findings from a nursing study show that
AR positively influences academic performance and learning
determinants, including student engagement and satisfaction
[69]. These studies collectively underscore AR’s capacity to
create immersive and effective learning experiences, enhancing
both emotional engagement and cognitive outcomes across
diverse educational contexts [68].

E. Problem-Based and Inquiry-Based Learning

AR-supported problem-based and inquiry-based learning
methods have also been explored extensively, showcasing
significant potential in enhancing educational outcomes. Arici
details that AR-supported problem-based learning methods
substantially enhance students’ critical thinking and learning
gains in science education [83]. This approach encourages
students to actively engage with the material, fostering
an environment where they can apply their knowledge in
practical scenarios. By immersing students in interactive and
contextually relevant experiences, AR allows for a deeper
understanding and retention of complex scientific concepts.

Moreover, Wen examined the use of AR in conjunction
with the QIMS (Question, Investigation, Modeling, and
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Sharing) framework in primary education. highlighted AR’s
potential to engage students through interactive and creative
activities, thereby fostering a deeper understanding and
retention of knowledge. The QIMS framework, supported
by AR technology, facilitates a structured approach to
inquiry-based learning, where students actively participate
in questioning, investigating, modeling, and sharing their
findings. This method not only enhances their comprehension
of the subject matter but also supports the development of
essential skills such as self-directed learning, critical thinking,
and creative problem-solving [84].

Furthermore, the integration of AR in problem-based and
inquiry-based learning environments offers several pedagogical
advantages. For instance, AR can simulate real-world problems
and scenarios, providing students with opportunities to practice
and refine their problem-solving skills in a safe and controlled
setting. This immersive experience can lead to increased
motivation and engagement, as students are more likely to
be captivated by the visually rich and interactive nature
of AR content. Additionally, the immediate feedback and
adaptability of AR applications allow for personalized learning
experiences, catering to the diverse needs and learning paces
of individual students [85].

F. Specialized Educational Applications

Specialized applications of AR have been explored in
various contexts. Aydogdu indicates that AR can make
educational content more engaging and effective for preschool
children [86]. This technology provides interactive and visually
appealing learning experiences that capture young learners’
attention. In higher education, Christopoulos found that
AR enhances the learning experience for medical students,
indicating that AR can be a valuable tool in specialized
and professional education settings [87]. Ali exhibits that
AR positively affects learning outcomes in microeconomics,
simplifying complex economic concepts and making them
more accessible to students [88]. Additionally, Ozeren
indicated significant improvements in academic achievement
and motivation, suggesting that AR can be an effective tool
for enhancing learning experiences across different educational
levels and subjects [89].

G. Enhancing Critical Thinking and Reflective Learning

AR’s potential to improve critical thinking and reflective
learning has been highlighted in several studies. study
made by Octavia revealed that AR assignments improved
problem-solving abilities and critical thinking skills [90].
This technology provides interactive and challenging learning
environments that encourage students to think critically and
creatively. Another study by Yoo places importance on
the narrative elements in AR presentations can improve
learning outcomes in cultural heritage education [91].
This approach makes historical and cultural content more
engaging and memorable. Furthermore, Cheng demonstrated
the effectiveness of AR in enhancing learning for low-
achieving students through hands-on interaction [92]. This
method provides practical and engaging learning experiences
that can boost students’ confidence and performance.

Vol. 15, No. 11, 2024

H. Broader Educational Impact

AR’s broader impact on education is evident across
various studies. Rodriguez highlighted that AR technology
can improve learning processes by increasing motivation,
performance, and acceptance of educational applications,
providing a structured approach to integrating AR into
STEAM (Science, Technology, Engineering, Arts, and
Mathematics) education [93]. De Paolis illustrated a positive
correlation between the usability of AR applications and
user experience, indicating that well-designed AR applications
can facilitate engaging and enjoyable learning experiences
[94]. Additionally, Shaghaghian verified that AR workshops
significantly enhanced students’ spatial visualization and math
test scores, suggesting that AR can be an effective tool for
teaching complex subjects and improving students’ cognitive
skills [95]. Furthermore, Sahin confirmed higher achievement
and positive attitudes among middle school students using AR
compared to traditional methods [96].

1. Diverse Applications of AR in Education

Recent research has extensively explored the integration
of AR in education, highlighting its potential to enhance
learning outcomes across various domains. Jdaitawi exposed
the significant positive impact of AR on student motivation,
showing that AR can effectively increase students’ interest and
engagement in their studies [81]. Cai found that AR fosters
more active student participation and enhanced teacher-student
interactions, indicating that AR can create more dynamic
and interactive learning environments [97]. Additionally,
Ciloglu reports that mobile AR applications significantly
improved students’ self-efficacy and attitudes towards biology,
suggesting that AR can be an effective tool for enhancing
students’ confidence and interest in their studies [98].

J. Long-Term and Short-Term Memory in AR Education

The impact of AR on long-term memory retention among
students requires further investigation. The incorporation of
AR technologies has shown significant improvements in
memory retention by providing interactive and immersive
learning experiences. For instance, the study conducted by
Seeliger gives substance to the idea that AR head-mounted
displays (HMDs) improve task performance and reduce
mental workload [99]. This suggests that AR can enhance
short-term memory retention by lowering cognitive load
during complex tasks, enabling better immediate recall and
application of information. Similarly, Kriiger indicates that
3D visualizations in AR improve understanding of spatial
relationships, which can be linked to better long-term memory
retention [72]. The interactive and engaging nature of 3D
AR content helps students form stronger mental models,
leading to more effective long-term recall of spatial structures
and relationships. Moreover, the study by Christopoulos
supports the idea that AR enhances both short-term and
long-term memory. By providing hands-on interaction and
realistic simulations, AR helps medical students retain complex
anatomical knowledge more effectively over time [87].

K. Gamification in AR Education

Gamification is another key element that has been
integrated into AR educational applications to boost student

www.ijacsa.thesai.org

29|Page



(IJACSA) International Journal of Advanced Computer Science and Applications,

engagement and motivation. It refers to incorporating game
design features into non-game environments to enhance
enjoyment and motivation in learning. Kao incorporated
gamification through AR-based puzzle card assemblies [100].
This approach not only made learning more engaging
but also helped in reducing extraneous cognitive load,
leading to better academic performance. Jdaitawi conveys
that AR was used to create interactive and gamified learning
environments. The study found that these environments
significantly increased student motivation and interest in their
studies. By transforming traditional learning materials into
interactive AR experiences, students were more inclined to
participate actively and enjoy the learning process [81].
Moreover, Octavia gave prominence to the use of gamified AR
assignments to enhance problem-solving abilities and critical
thinking skills. The interactive and challenging nature of these
assignments encouraged students to engage deeply with the
content, thereby improving their overall learning outcomes
[90].

VIII. DISCUSSION

The use of AR in education has shown promising
results in enhancing learning outcomes, reducing cognitive
load, and increasing student engagement. However, several
areas require further exploration, particularly regarding long-
term memory retention, storytelling, emotional memory,
gamification, personalization, and scalability. While the
reviewed studies indicate that AR can improve short-term
memory retention by lowering cognitive load during complex
tasks, more longitudinal studies are needed to confirm if
these benefits extend over longer periods. Research that tracks
knowledge retention over several months or academic terms is
essential. Current methodologies for testing long-term memory
retention are flawed, often failing to account for the depth
and durability of retained knowledge over extended periods.
Research should incorporate more robust measures such as
follow-up assessments that test for retention beyond the
immediate post-intervention period and should consider the
quality of retained knowledge.

Long-term memory retention is a key element in assessing
the effectiveness of AR in educational environments. Short-
term benefits, such as immediate comprehension and retention,
are well-documented, but the true value of AR lies in
its potential to embed knowledge deeply into the learner’s
memory. These studies should employ diverse and rigorous
methodologies, including both quantitative and qualitative
assessments, to capture a comprehensive picture of long-
term retention. Additionally, researchers should consider the
nature of the content being taught, as some subjects may
inherently lend themselves to better retention through AR-
enhanced learning due to their visual or interactive nature.

Therefore, the use of storytelling in AR has great potential
but is still underdeveloped. Many current AR applications
use basic narratives, missing the opportunity to create more
engaging and impactful educational experiences. To fully
utilize storytelling in AR, there needs to be a focus on
developing richer, more emotionally engaging stories. This
includes crafting narratives that evoke emotions like empathy
or curiosity, which can help students better remember and
connect with the material.
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Enhancing storytelling in AR means integrating stories
more seamlessly with educational content, making them an
integral part of the learning experience. Future efforts should
explore advanced storytelling techniques, such as interactive
choices and character-driven plots, to increase engagement and
personal involvement. It’s also crucial to tailor stories to fit the
cultural and age-specific needs of learners.

By improving the storytelling aspect of AR, we can
create more memorable and effective learning experiences,
making education not only informative but also inspiring
and engaging. This requires collaboration from experts in
education, psychology, and digital media to develop well-
rounded and impactful narratives.

Another under-explored area is emotional engagement,
which is crucial for memory retention and learning
effectiveness. AR’s potential to create emotionally engaging
experiences could significantly enhance emotional memory, yet
few studies have measured this aspect. We should integrate
emotional metrics to evaluate how AR influences emotional
engagement and memory retention through physiological
measurements (like heart rate or Galvanic Skin Response) and
subjective assessments (such as self-reported engagement and
emotional impact). Understanding the role of emotions in AR-
enhanced learning could provide valuable insights into how
to design more effective educational experiences. Emotional
memory can play a significant role in how well students
retain information, as experiences tied to strong emotions are
often remembered more vividly and for longer periods. By
leveraging AR’s immersive capabilities, educators can create
scenarios that evoke emotional responses, thus aiding in deeper
and longer-lasting learning.

These metrics can be complemented by subjective
assessments, including self-report surveys and interviews, to
capture the nuances of individual emotional responses.
Combining these approaches allows for a holistic
understanding of emotional engagement and its impact
on learning. Furthermore, it is important to explore the types
of emotional content that resonate most effectively with
different age groups and cultural backgrounds, as these factors
can significantly influence the design and implementation of
AR-based educational tools.

In addition to emotional engagement, gamification is noted
for increasing student motivation and engagement, yet it needs
deeper investigation into how different elements like rewards,
challenges, and levels impact learning outcomes across various
contexts. While some studies have incorporated elements of
gamification, explicit discussions on gamification strategies
and their effectiveness are often missing. We should delve
deeper into how different gamification elements within AR
environments impact student motivation, engagement, and
learning outcomes. Detailed analyses of which gamification
techniques are most effective in different educational contexts
would provide valuable insights for educators and developers.
Gamification can include elements such as point systems,
leaderboards, badges, and narrative quests, each of which can
have varying effects on different age groups and subjects.
Understanding the optimal combination of these elements
can help in designing AR educational tools that maximize
engagement and learning efficiency. The idea of gamification
in education goes beyond just entertainment; it involves
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strategically integrating game mechanics to enhance learning.
Effective gamification requires a balance between challenge
and skill, ensuring that tasks are neither too easy nor too
difficult, thereby maintaining student engagement. Rewards
and feedback mechanisms should be designed to reinforce
positive behavior and learning achievements.

Additionally, Storytelling components can be integrated to
craft immersive learning experiences that encourage students
to explore and learn. Research should focus on identifying
the most impactful gamification elements and understanding
how they can be tailored to different educational contexts,
such as STEM subjects, humanities, and language learning.
Furthermore, The combination of AR with other advanced
technologies, such as artificial intelligence (AI) and deep
learning, has the potential to further improve educational
outcomes. For instance, AR systems augmented with Al could
deliver real-time feedback and adaptive learning pathways,
optimizing the learning process for each individual student.
Research should explore the synergistic effects of combining
AR with Al and other technologies to create more intelligent
and responsive educational tools. The incorporation of Al in
education is revolutionizing how students interact with learning
materials. Al-powered systems can offer real-time feedback
and adaptive learning pathways, improving the personalization
of educational experiences. Moreover, integrating Al with
AR can create more intelligent and responsive educational
tools, significantly improving learning outcomes by catering
to individual student needs. These technologies promise to
make education more interactive, engaging, and effective,
ultimately supporting better retention and comprehension
of complex concepts. Integrating Al with AR can create
more intelligent and responsive educational tools, significantly
improving learning outcomes by catering to individual student
needs. These technologies promise to make education more
interactive, engaging, and effective, ultimately supporting
better retention and comprehension of complex concepts [101]
[102]. Al-enhanced AR systems can adjust to each student’s
unique learning pace and style, providing personalized learning
experiences beyond the capabilities of traditional methods.
These systems can process large datasets to identify patterns
and forecast student performance, allowing for proactive
measures to address learning gaps. For example, an Al-
powered AR application could adjust the difficulty of exercises
based on real-time assessments of a student’s performance,
ensuring that the learning process remains challenging yet
achievable. This level of personalization can sustain student
motivation and engagement, resulting in better learning
outcomes. Additionally, Al can facilitate the creation of more
complex and realistic AR environments, further enhancing the
immersive learning experience.

One relevant consideration is the importance of user
behavior in creating effective learning experiences. As
Wasfi highlights in his study on authentication systems,
user behaviour is vital in shaping memorable and secure
experiences. Establishing policies and guidelines has been
effective in curbing tendencies such as choosing simple or
predictable patterns [103]. Similarly, in AR-based educational
applications, it is crucial to establish guidelines that promote
effective use and prevent potential misuse. Ensuring that AR
applications are both engaging and educationally effective
requires a careful balance. The technology must be intuitive
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and user-friendly to minimize cognitive load, allowing students
to focus on the learning material rather than the mechanics of
the tool.

The Triggered Screen Restriction framework, created by
Hariri, is another innovative approach that uses gamification
by utilizing the Fear of Missing Out phenomenon, motivating
users to achieve specific goals to access certain features. This
framework combines behavioral psychology with advanced
technology to create a comprehensive solution for gamified
interventions, making it a promising avenue for enhancing
student engagement through gamification [104]. This negative
reinforcement technique can be applied in AR educational
settings to enhance learning and engagement. By setting clear,
attainable goals and providing immediate feedback, TSR can
help maintain high levels of motivation and engagement,
particularly in subjects that students might otherwise find
challenging or less interesting.

Additionally, there is insufficient emphasis on
personalization, which can customize learning experiences
to meet individual needs, and scalability, which ensures
that AR solutions are practical and effective across various
educational contexts. Personalization can significantly enhance
the effectiveness of AR by adapting content to the learner’s
pace, preferences, and learning style. We should investigate
adaptive AR systems that can offer personalized feedback
and modify the difficulty level according to the learner’s
performance. Scalability is another critical factor, as it
ensures that AR solutions can be implemented widely without
compromising their effectiveness. Research should explore
the practicality of expanding AR applications across various
educational settings, taking into account factors like cost,
accessibility, and technological infrastructure. Scalability
is particularly important in ensuring that AR educational
tools can be adopted in a variety of educational settings,
from well-funded institutions to under-resourced schools.
Research should explore ways to make AR technology more
affordable and accessible, possibly through the development
of low-cost hardware and software solutions. Additionally,
studies should examine the infrastructure requirements
for implementing AR at scale, including the requirement
for reliable internet connectivity and technical support.
Overcoming these challenges will be vital to ensure that
students and educators worldwide can fully experience
the advantages of AR in education. Moreover, prolonged
use of AR devices can result in discomfort and injuries
due to improper posture. Previous studies have shown that
inappropriate postures at workstations significantly increase
the risk of musculoskeletal disorders. For instance, prolonged
sitting with a slouched spine can lead to increased stress
on vertebral discs and muscle pain. Similarly, working with
the neck in a forward extension for extended periods can
also cause discomfort and musculoskeletal disorders. It is
essential to consider these factors in the design and use of AR
systems to prevent potential injuries. Ergonomic guidelines
should be developed and followed to minimize the risk of
physical strain and injury, ensuring that students can use
AR tools safely and comfortably for extended periods [105].
Ergonomic factors are essential for the sustainable integration
of AR in educational environments. Designers of AR devices
and applications should prioritize user comfort and safety,
incorporating features that promote healthy posture and reduce
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physical strain. For example, AR headsets could be designed
with adjustable straps and padding to ensure a comfortable fit,
and software interfaces could include prompts to encourage
users to take breaks and adjust their posture. Additionally,
educators should be trained on the importance of ergonomics
and how to implement best practices in their classrooms.
By addressing these ergonomic challenges, we can establish
a safer and more sustainable educational environment for
students by utilizing AR technology.

AR shares some challenges with virtual reality, particularly
regarding immersive experiences. For instance, Sanaei study
in VR environments has identified a substantial inverse
relationship between workload and cybersickness [106],
suggesting that higher task engagement may reduce the
likelihood of experiencing discomfort. This insight can be
valuable for AR applications, especially when designing high-
cognitive-load tasks that may help distract users from sensory
conflicts, thus minimizing the potential for discomfort in
educational AR experiences.

A study by Schweiger et al. [107] highlights that non-
dominant hand training with computer mouse tasks improves
performance in the non-dominant hand and transfers these
skills to the dominant hand, leading to overall better
performance in computer-based tasks. This bilateral transfer
effect can be particularly beneficial in AR settings where
fine motor skills and precise interactions are crucial for
effective learning and engagement. Integrating non-dominant
hand training into AR educational applications could enhance
the usability and effectiveness of these tools, providing
students with improved control and interaction capabilities.
This strategy aligns with the overarching objectives of AR in
education, seeking to develop more immersive, interactive, and
impactful learning experiences.

By overcoming these challenges, we can develop more
effective and engaging educational practices that leverage
the full potential of AR technology. This requires sustained
effort and interdisciplinary collaboration among educators,
researchers, and technologists. Additionally, thinking outside
the box and exploring innovative approaches beyond
traditional methods will be crucial. By fostering creativity
and encouraging unconventional ideas, we can unlock new
possibilities and drive the development and progression of AR
in educational settings, ultimately improving students’ learning
experiences and outcomes.

A. Enduring Issues in Augmented Reality Educational
Research: Addressing Persistent Gaps

Koumpouros [108] identifies several ongoing gaps in
AR research that were noted before 2020 and continue to
persist. These gaps include the development of reliable and
standardized evaluation methods, which remains challenging
due to the diverse applications and contexts of AR.
This diversity leads to inconsistent methodologies and
hinders comparability across studies. Many studies still
employ custom-made, non-validated tools, complicating the
generalization of findings. Technical constraints, such as device
compatibility and marker recognition issues, persist as the
rapid advancement of AR technology often outpaces solutions.
High costs of AR technology and development continue
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to limit accessibility, particularly in resource-constrained
environments. Recruiting large and diverse samples is
resource-intensive and logistically challenging, especially in
niche research areas. Many studies have small sample
sizes and short evaluation phases, limiting the validity and
generalizability of their results. Conducting long-term studies
requires significant time, funding, and participant commitment,
while the pressure to produce quick results leads to a focus
on short-term studies. Integrating AR into existing educational
frameworks necessitates multidisciplinary collaboration, which
is time-consuming and hampered by bureaucratic inertia.
The novelty effect of AR technology presents an inherent
challenge, requiring long-term engagement studies that are
resource-intensive. Ethical and privacy concerns are ongoing
issues, complicated by the evolving nature of AR technology.
Addressing these concerns requires careful consideration of
data protection, informed consent, and transparency in data
management. The interplay of resource limitations, the rapid
pace of technological change, and the inherent complexity
of integrating new technologies into established systems
contribute to the persistence of these gaps. Addressing
them requires concerted efforts from researchers, educators,
technologists, and policymakers. We should focus on
developing validated evaluation tools, conducting long-term
studies with larger and more diverse samples, and addressing
technical and ethical challenges to fully realize the potential
of AR in education. The persistence of gaps in AR research
stems from several interconnected challenges. Developing
reliable and standardized evaluation methods remains complex
due to the diverse applications and contexts of AR, making
consensus difficult. Recruiting large and diverse samples is
resource-intensive and logistically challenging, especially in
niche research areas. Technical constraints persist as the rapid
advancement of AR technology often outpaces solutions, with
issues like device compatibility and marker recognition being
inherently difficult to solve. Conducting long-term studies
requires significant time, funding, and participant commitment,
while the pressure to produce quick results leads to a focus
on short-term studies. Integrating AR into existing educational
frameworks necessitates multidisciplinary collaboration, which
is time-consuming and hampered by bureaucratic inertia.
Providing comprehensive training for educators and users
also requires substantial resources and ongoing support. The
high costs of AR technology and development continue
to limit accessibility, particularly in resource-constrained
environments. Addressing ethical and privacy concerns is an
ongoing process, complicated by the evolving nature of AR
technology. The novelty effect presents an inherent challenge,
necessitating long-term engagement studies that are resource-
intensive. Researchers often rely on simpler experimental
designs due to funding and time constraints, hindering more
robust findings. Additionally, expanding research to examine a
broader range of learning outcomes requires interdisciplinary
collaboration and a shift in research focus. These gaps persist
due to the interplay of resource limitations, the rapid pace
of technological change, and the inherent complexity of
integrating new technologies into established systems and
frameworks. Addressing them requires concerted efforts from
researchers, educators, technologists, and policymakers.
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IX. CONCLUSION

The integration of AR in education holds immense
promise for transforming teaching and learning practices. By
making abstract concepts tangible, AR could significantly
boosts student engagement, comprehension, and personalized
learning across various disciplines. Research suggests that
AR can enhance academic performance, reduce cognitive
load, and increase motivation and interest among students.
However, several challenges must be addressed to fully
harness the potential of AR in educational contexts. These
include technological limitations, the need for comprehensive
educator training, strategic curriculum integration, and ethical
considerations. Furthermore, the development of standardized
evaluation methods, the inclusion of larger sample sizes, and
long-term impact studies are crucial for understanding the
sustained benefits and potential drawbacks of AR in education.

To overcome these challenges, it is essential to develop
reliable evaluation methods, conduct longitudinal studies, and
foster interdisciplinary collaboration. Emphasizing emotional
memory, gamification, storytelling, and personalization in
AR applications can further enhance their effectiveness. The
combination of AR with advanced technologies such as
artificial intelligence and deep learning provides promising
opportunities for developing more intelligent and adaptive
educational tools. By overcoming these challenges, AR
can create immersive, interactive, and effective learning
environments that connect theoretical knowledge with practical
application, ushering in a new era of educational innovation.

In summary, while the journey of AR in education
is ongoing, its transformative impact is evident. Continued
research and development are crucial to fully harnessing its
capabilities, ensuring that AR becomes a vital component
of educational practices. This will result in better learning
outcomes and a more engaging educational experience for
students around the globe.
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