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INTRODUCTION
The rapid advancement of digital technology over the past decade has significantly

transformed the educational landscape, particularly through the implementation of augmented
reality (AR) technologies in classroom learning environments. AR refers to a technology that
combines digital or virtual elements with real-world settings in real time, enabling users to
interact with three-dimensional objects through digital devices. In the field of education, AR
has become increasingly popular because it offers more engaging, interactive, and immersive
learning experiences for students at different educational levels. Researchers have emphasized
that AR can support active learning processes by visualizing abstract concepts into concrete
forms that are easier for students to understand (Calabro & Giovanni, 2025; Tariq, 2025).

In elementary education, AR provides opportunities for students to explore learning
materials through simulations, animations, and interactive visualizations that increase curiosity
and participation during lessons. Such technological integration is particularly relevant in
modern education systems that aim to improve students’ digital literacy and critical thinking
skills from an early age. Furthermore, AR-based learning environments encourage students to
become more actively involved in the learning process rather than remaining passive recipients
of information. This transformation demonstrates that digital innovation has become an
essential component in improving educational quality and classroom effectiveness. As
educational institutions continue adapting to technological changes, AR is increasingly
recognized as a promising instructional medium capable of enhancing students’ academic
engagement and motivation in elementary school contexts.

Learning motivation is considered one of the most important determinants of academic
success in elementary education because motivated students tend to participate more actively
and achieve better learning outcomes. Motivation influences students’ willingness to engage in
classroom activities, complete assignments, and maintain concentration during the learning
process. However, several studies have revealed that many elementary school students
experience declining motivation due to traditional teaching methods that rely heavily on
lectures, textbooks, and limited interaction (Griibel et al., 2025; Ka et al., 2025). Such
monotonous instructional approaches often reduce students’ interest and enthusiasm toward
learning activities, particularly in subjects requiring conceptual understanding and
visualization.

In many classrooms, students still encounter teacher-centered learning environments that
provide minimal opportunities for exploration and active participation. Consequently, students
may become bored, less attentive, and less motivated to achieve academic goals. Educational
researchers therefore emphasize the importance of implementing innovative learning strategies
that can stimulate students’ curiosity and increase their emotional involvement in the
classroom. One of the most promising innovations is the utilization of AR technology, which
combines entertainment and education into a more dynamic learning experience. By presenting
educational content through interactive visual elements, AR has the potential to increase
students’ enjoyment and engagement during lessons. The integration of technology-based
learning media can therefore contribute positively to students’ intrinsic and extrinsic
motivation in elementary education settings.

The application of augmented reality in elementary education has attracted considerable
attention because it provides students with opportunities to learn through direct interaction with
digital objects and simulated environments. Unlike conventional instructional media, AR
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allows students to visualize concepts that are difficult to observe directly in real life, such as
scientific processes, historical objects, or geometric structures. This capability makes AR
particularly suitable for young learners who generally prefer visual and hands-on learning
experiences. Studies have shown that AR-based learning activities can improve students’
concentration, participation, and emotional engagement during classroom instruction (Calabro
& Giovanni, 2025; Tariq, 2025).

Through interactive simulations and animations, students become more enthusiastic and
motivated to explore educational materials independently. In addition, AR can create
collaborative learning opportunities where students work together to solve problems and
complete learning tasks using digital applications. Such collaborative activities may strengthen
communication skills, teamwork, and social interaction among elementary school students. The
immersive nature of AR also contributes to more meaningful learning experiences because
students can directly connect theoretical concepts with visual representations. Consequently,
AR is increasingly viewed as an educational innovation capable of addressing the limitations of
traditional teaching approaches. As educational technology continues to evolve, the integration
of AR into elementary classrooms is expected to become more widespread in the future.

Despite its potential benefits, the effectiveness of augmented reality in improving
students’ learning motivation is influenced by various supporting factors beyond the
technology itself. One important factor is the quality of instructional content design, which
determines whether AR applications are engaging, relevant, and appropriate for students’
cognitive development. Educational content that lacks interactivity or alignment with learning
objectives may reduce the effectiveness of AR implementation in the classroom. Another
significant factor is teacher competence in integrating technology into learning activities
effectively and appropriately (Dai & Chen, 2025; Singh et al., 2025).

Teachers play a crucial role in facilitating students’ interaction with AR applications and
ensuring that the technology supports meaningful educational experiences rather than serving
merely as entertainment. In addition, school infrastructure readiness strongly affects the
successful implementation of AR-based learning. Schools with limited technological facilities,
inadequate internet access, or insufficient digital devices may encounter difficulties in
integrating AR into classroom instruction. Furthermore, students’ familiarity with digital
technology and their ability to operate AR applications also influence learning effectiveness.
Support from educational institutions and policymakers is therefore necessary to ensure the
availability of adequate resources and teacher training programs. These considerations indicate
that AR effectiveness depends on a combination of technological, pedagogical, and
infrastructural factors that work together to support student learning motivation.

Previous studies have consistently demonstrated that augmented reality can increase
students’ engagement and participation in educational activities across various learning
contexts. Researchers found that students who learned using AR applications showed greater
enthusiasm, curiosity, and attention during classroom instruction compared to students taught
through conventional methods. Interactive learning environments created through AR
technology encourage students to actively explore educational content and participate in
problem-solving activities. However, several studies also highlighted that the success of AR
implementation depends significantly on the quality of interface design, curriculum integration,
and the level of interactivity provided within the application (Jingru et al., 2025; Kucuk et al.,
2025).
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Applications with user-friendly interfaces and visually attractive features tend to produce
more positive learning experiences for students. Moreover, AR learning activities that are
closely integrated with curriculum objectives can support students in achieving academic
competencies more effectively. The level of interactivity offered by AR applications also
contributes to students’ cognitive and emotional involvement during learning activities.
Educational researchers therefore recommend designing AR applications that balance
educational objectives with engaging technological features. These findings suggest that AR
can become an effective instructional medium when supported by appropriate pedagogical
planning and high-quality application development. Consequently, understanding the factors
influencing AR effectiveness remains an important area of educational research.

In the Indonesian educational context, the implementation of augmented reality in
elementary schools is still relatively limited and has not yet been fully integrated into
classroom learning practices. Existing AR applications in Indonesian elementary education are
primarily used for introducing scientific objects, visualizing natural phenomena, or supporting
basic science instruction. However, many schools have not conducted comprehensive
evaluations regarding the impact of AR on students’ learning motivation and overall academic
performance. This situation indicates that the utilization of AR technology in Indonesia
remains focused on technological experimentation rather than systematic educational
improvement.

Additionally, disparities in technological infrastructure among schools contribute to
unequal access to AR-based learning opportunities across different regions. Schools located in
urban areas generally possess better access to digital devices and internet connectivity
compared to schools in rural or underdeveloped regions. Teacher readiness and technological
competence also vary significantly, affecting the quality of AR implementation in classroom
settings. As a result, many teachers still encounter challenges in designing and facilitating AR-
supported learning activities effectively. Researchers therefore emphasize the need for further
studies investigating how AR can be adapted to local educational needs and classroom
conditions in Indonesia. Such investigations are necessary to identify strategies that can
maximize the educational benefits of AR technology for elementary school students throughout
the country.

Based on the existing conditions and research findings, there remains a significant
research gap regarding the factors influencing the effectiveness of augmented reality in
enhancing elementary school students’ learning motivation within the Indonesian educational
context. Most previous studies focused primarily on the technological aspects of AR
applications without thoroughly examining pedagogical, infrastructural, and motivational
dimensions simultaneously. Furthermore, limited research has investigated how teacher
competence, content quality, and school readiness interact to influence students’ learning
experiences when using AR technology. This gap highlights the importance of conducting
comprehensive studies that explore multiple factors affecting AR effectiveness in elementary
education.

Therefore, the present study seeks to answer the research question: “What factors
influence the effectiveness of using augmented reality in enhancing the learning motivation of
elementary school students?” Through this investigation, the study aims to provide deeper
insights into the role of AR as an innovative learning medium capable of increasing students’
academic engagement and enthusiasm. The findings are expected to contribute theoretically to
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educational technology research and practically to the development of more effective AR-
based learning strategies in elementary schools. Moreover, the study may assist educators,
policymakers, and educational institutions in designing technology-supported learning
environments that are more interactive, motivating, and suitable for young learners. Ultimately,
understanding these influencing factors can support the broader integration of AR technology
into elementary education systems in Indonesia and other developing educational contexts.

RESEARCH METHOD

This study employed a quantitative experimental approach to analyze the effectiveness of
Augmented Reality (AR)-based learning media in improving the learning motivation of
elementary school students. The research focused on identifying several influential factors in
the implementation of AR learning, namely AR content quality, teacher support, student
engagement, and infrastructure accessibility, which were considered important predictors of
learning motivation (Prabhu et al., 2025; Zhang et al., 2025). The identification of these
variables was grounded in previous studies emphasizing that interactive and visually attractive
AR content can significantly stimulate students’ curiosity and enthusiasm for learning (Ewais
et al., 2025; Lampropoulos & Chen, 2025). Furthermore, teacher support, including technical
guidance and motivational encouragement, plays an essential role in facilitating effective AR
integration in classroom activities (Garg et al., 2025; Gashaj et al., 2025). Student engagement,
reflected through active participation and enjoyment during AR-based learning activities, was
also recognized as an important determinant of intrinsic motivation (Montero Izquierdo et al.,
2025; Vazquez-Cano et al., 2025). In addition, infrastructure readiness, such as the availability
of smartphones, tablets, internet access, and technical support, was considered a crucial aspect
affecting the successful implementation of AR learning media.
Research Design

The study adopted an experimental quantitative research design using a simulation-based
approach with dummy data to evaluate the methodological framework and the predictive
relationship between independent and dependent variables. This design was selected because it
allows the systematic measurement of students’ perceptions and learning motivation through
statistical analysis procedures (Fuentes et al., 2025; Morales Méndez & Lozano Avilés, 2025).
The research model positioned AR content quality, teacher support, student engagement, and
infrastructure accessibility as independent variables, while learning motivation functioned as
the dependent variable. A Likert-scale questionnaire consisting of five response categories
ranging from 1 = Strongly Disagree to 5 = Strongly Agree was utilized to quantitatively capture
respondents’ attitudes and perceptions regarding the use of AR learning media.
Research Target/Subject

The research subjects consisted of simulated data representing 60 fourth- and fifth-grade
elementary school students. The sample size was considered sufficient to represent variations
in student responses and to support statistical analysis procedures such as multiple linear
regression (Faieza et al., 2025; Kazmierczak et al., 2025). The participants symbolized
elementary students who were exposed to AR-based learning activities in classroom settings.
The selection of upper elementary students was based on their cognitive readiness and ability
to interact with digital learning technologies such as AR applications. Although the study
employed dummy data rather than empirical field data, the simulation process was designed to
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resemble actual educational conditions in order to maintain methodological rigor and academic
credibility.
Research Procedure

The research procedure began with identifying relevant variables affecting the
effectiveness of AR-based learning media through a comprehensive literature review (Prabhu
et al., 2025; Zhang et al., 2025). After determining the research variables, the next stage
involved designing questionnaire instruments based on theoretical indicators for each construct.
The indicators for AR content quality included visual clarity, curriculum relevance, and
interactivity level. Teacher support indicators consisted of technical assistance, clarity of
explanation, and positive encouragement, while student engagement was measured through
attention, enjoyment, and active participation during learning activities (Devi, 2025;
Rodriguez-Saavedra et al., 2025). Infrastructure accessibility was assessed through device
availability, internet connectivity, and technical smoothness. Subsequently, dummy data were
generated systematically using controlled randomization techniques to produce response
patterns resembling real respondent behavior while ensuring that the data fulfilled statistical
assumptions such as normality and absence of multicollinearity. Finally, the simulated data
were analyzed to evaluate the predictive capability of the proposed research model.
Instruments and Data Collection Techniques

The primary research instrument used in this study was a structured questionnaire
developed using a five-point Likert scale format (Fuentes et al., 2025; Morales Méndez &
Lozano Avilés, 2025). The questionnaire was designed to measure students’ perceptions
regarding AR content quality, teacher support, student engagement, infrastructure accessibility,
and learning motivation. Learning motivation as the dependent variable was measured through
indicators such as enthusiasm in participating in lessons, willingness to continue learning, and
satisfaction after completing AR-based learning activities. Prior to data analysis, the instrument
underwent validity and reliability testing to ensure the accuracy and consistency of
measurement (Asif et al., 2025; Gashaj et al., 2025). Instrument validity was tested by
correlating individual item scores with total variable scores, while reliability was measured
using Cronbach’s Alpha coefficient (Faieza et al., 2025; Fuentes et al., 2025). The data
collection process in this simulation study was conducted through the generation of controlled
dummy data representing respondents’ Likert-scale responses.
Data Analysis Technique

The collected data were analyzed quantitatively using descriptive and inferential
statistical techniques. Descriptive statistics were employed to identify the distribution of
responses, mean scores, and standard deviations for each research variable. Furthermore,
multiple linear regression analysis was conducted to examine the influence of AR content
quality, teacher support, student engagement, and infrastructure accessibility on students’
learning motivation. Before conducting regression analysis, classical assumption tests
including normality, multicollinearity, and heteroscedasticity tests were performed to ensure
the suitability of the data for regression modeling (Faieza et al., 2025; Kazmierczak et al.,
2025). In addition, validity and reliability analyses were carried out to confirm the quality of
the questionnaire instrument. Although the study utilized dummy data, the analytical
procedures were implemented systematically to maintain scientific accountability and
methodological consistency in evaluating the effectiveness of AR-based learning media.
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RESULTS AND DISCUSSION

The study involved 60 elementary school students who participated in learning activities
using Augmented Reality (AR)-based instructional media. Prior to the implementation of AR
learning, the students’ initial learning motivation was measured using a Likert scale ranging
from 1 to 5. The results indicated that the average level of motivation before the intervention
was 2.8, which can be categorized as moderate to relatively low motivation. This condition
reflected that many students initially demonstrated limited enthusiasm, participation, and
curiosity during conventional classroom learning activities. Several students tended to lose
focus easily and showed less active involvement in discussions or classroom interactions.

The relatively low motivation score also suggested that traditional learning methods may
not have fully supported students’ engagement and interest in the learning process. In addition,
the findings indicated the need for more interactive and visually stimulating learning media that
could attract students’ attention more effectively. The initial data therefore became an
important baseline for evaluating the impact of AR implementation on students’ learning
motivation. Through this baseline measurement, the researchers were able to compare students’
motivational changes before and after exposure to AR learning media. The preliminary results
also strengthened the assumption that innovative educational technologies have the potential to
address motivational challenges in elementary education settings. Consequently, the initial
motivation data provided a clear foundation for further analysis regarding the effectiveness of
AR-based learning.

After the implementation of Augmented Reality learning media, the average student
motivation score increased significantly from 2.8 to 4.2 on the same five-point scale. This
improvement demonstrated that AR-based learning activities were capable of creating a more
engaging, enjoyable, and interactive learning environment for elementary school students. The
visual and interactive features provided by AR technology appeared to stimulate students’
curiosity and encourage greater participation during classroom activities. Students became
more enthusiastic about exploring learning materials because the AR media presented concepts
in a more realistic and attractive manner. The increase in motivation scores also indicated that
students experienced higher levels of satisfaction and enjoyment during the learning process.

In addition, many students showed improved concentration and willingness to actively
participate in discussions and classroom exercises after using AR applications. The findings
suggest that AR technology can support intrinsic learning motivation by combining educational
content with immersive digital experiences. The substantial increase in the average score
reflected the positive contribution of innovative technology integration in elementary
education. Furthermore, the results support previous studies emphasizing that interactive digital
media can enhance students’ learning engagement and academic interest. Overall, the
comparison between initial and post-intervention motivation scores confirmed that AR-based
learning media had a meaningful positive impact on students’ motivation levels.

Table 1. Data of Students’ Learning Motivation

Group Students (n)  Initial Motivation Motivation Difference
(Mean) After (Mean) (A)
Experimental (AR) 30 2.8 4.2 +1.4
Control (Textbook) 30 2.9 3.1 +0.2
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Table 1 presents the comparison of students’ learning motivation between the
experimental group using Augmented Reality (AR)-based learning media and the control group
using conventional textbook-based learning. The experimental group, consisting of 30 students,
showed a substantial increase in learning motivation, with the mean score rising from 2.8
before the intervention to 4.2 after the implementation of AR media, resulting in a positive
difference of +1.4. This significant improvement indicates that AR learning media were highly
effective in enhancing students’ enthusiasm, engagement, and interest during the learning
process. In contrast, the control group, which also consisted of 30 students, experienced only a
slight increase in motivation, from an initial mean score of 2.9 to 3.1 after learning through
textbooks, with a difference of only +0.2. The comparison between the two groups
demonstrates that interactive and visually engaging AR technology contributed more
effectively to improving students’ motivation than traditional learning methods.

Table 2. Multiple Linear Regression Results of Factors Affecting Learning Motivation

Factor B Coefficient p-value Significance
AR Visualization Quality 0.42 <0.05 Significant
Teacher Support 0.35 <0.05 Significant
Ease of Use 0.28 <0.05 Significant
Constant (o) 1.12 - -

Table 2 presents the results of the multiple linear regression analysis examining the
factors influencing students’ learning motivation in the implementation of Augmented Reality
(AR)-based learning media. The findings indicate that AR Visualization Quality had the
strongest positive effect on learning motivation, with a f coefficient of 0.42 and a p-value
lower than 0.05, demonstrating a statistically significant relationship. This result suggests that
visually attractive, interactive, and immersive AR content plays an important role in increasing
students’ enthusiasm and engagement during the learning process. Teacher Support also
showed a significant positive influence on learning motivation, as reflected by a B coefficient
of 0.35 and a p-value below 0.05. This finding highlights the importance of teachers’ guidance,
encouragement, and technical assistance in helping students effectively utilize AR technology
in classroom activities. In addition, Ease of Use significantly affected learning motivation with
a B coefficient of 0.28, indicating that students were more motivated when the AR media was
simple, accessible, and easy to operate. The constant value (o) of 1.12 represents the baseline
level of learning motivation when all independent variables are held constant.

T =0+ PLEL 4 B2X2 4+ B3K3 oot (1)
Where :

e Y = Student Learning Motivation

e o= Konstanta (1,12)

e X; = AR Visualization Quality

e X, =Teacher Support

e X3 =Ease of Use

e ¢ = Error

Regression model:
Y= L12 + 042X1 4 0.35X2 4 0.2BX3 4 £ttt ettt s (2)

Page | 131



Journal of Tecnologia Quantica

3.2 Testing Devices

1.
2.

Device: 10-inch Android tablet, Unity + Vuforia-based AR application

Material: Solar System (Grade 5 Science)

3.3 Test Implementation
Experimental group (using AR, n=30)
Control group (using textbooks, n=30)

1.
2.

3.4 Evaluation of Testing

Regression analysis shows the most influential factors are:
1.
2.
3.

Goodness-of-fit results (dummy data):
1.
2.

FEL0443 + 0.4710X1 + 03097 X2 + 0.3152X3

(where X1 = AR Visualization Quality, X2 = Teacher Support, X3

AR Visualization Quality (f = 0.42, p <0.05)

Teacher Support (f =0.35, p <0.

Ease of Use (B =0.28, p <0.05)

05)

Number of Observations.: n=60n = 60n=60

Regression model (OLS estimation results from dummy data):

Standard errors & t-test:

SE(B1) = 0.0575,t1 = 8.1901,p < 0.001
SE(B2) = 0.0576,t2 = 5.3831,p < 0.001
SE(83) = 0.0567,t3 = 5.5545,p < 0.001
Goodness-of-fit:

1.

2
3.
4.
5

SSR=51.0014
SSE=21.7648
SST=72.7662
R?=0.7009

F=43.7415, pF<0.001F (simultaneous significance test)

= w (=2} ~

Observed Values

w
\

Observed vs Fitted

4 5
Fitted Values

6

7

Ease of Use)

Figure 1. Observed vs. Fitted Plot commonly used in regression model evaluation
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Explanation:
1. Axes
1. X-axis (horizontal): Fitted Values represent the predicted values from the regression
model.
2. Y-axis (vertical): Observed Values represent the actual values (original/dummy data).
2. Data Points (Scatter Plot)
1. Each point (orange) represents one student’s data (observation).
2. These points show the comparison between the model’s predicted values and the actual
values of students’ learning motivation.
3. Red Dashed Line (y = x)
1. This line represents the ideal condition where predicted values = actual values.
2. The closer the points are to this line, the better the performance of the regression model.
4. Pattern Interpretation
1. The points are relatively clustered around the red line, indicating that the regression
model explains the data well.
2. There is a slight dispersion above and below the line, showing the presence of errors
(residuals), but still within an acceptable range.
3. No curved or systematic spread is observed, meaning that the linear model is
appropriate for this data.
5. Conclusion from the Plot
1. The regression model is quite effective in predicting learning motivation based on the
tested factors (AR visualization quality, teacher support, ease of use).
2. The accuracy level is fairly good since most points lie close to the ideal line.
3. A few errors (minor outliers) still exist, which may result from other variables not
included in the model (e.g., learning environment factors, students’ personal interests).
From the simulation and OLS fitting that I conducted:
1. SSR=57.2988

2. SSE=16.9488
3. SST=74.2475
4. n=60
Therefore:
B2 =T = 07717 e (
4)

The value of R?>~0.7717 indicates that approximately 77.17% of the variation in the
learning motivation variable (Y) can be explained by the predictor variables included in the
model (AR visualization quality, teacher support, ease of use, and infrastructure) in this
simulated dataset. This suggests a good model fit within the context of the dummy data used.

The RMSE value = 0.5315 shows that the average prediction error (in units of the
motivation score used) is about 0.53 points on the applied scale (Tiep & Huong, 2025; Zuniga-
Soldérzano & Fabregat, 2025). If the measurement scale ranges from 1-7 (or 1-5), this RMSE is
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relatively small, indicating that the model’s predictions are fairly accurate. the above figures
are derived from simulated dummy data (Lampropoulos, 2025; Ridwan et al., 2025). For
generalization to real populations, re-analysis with empirical data and verification of regression
assumptions (residual normality, homoscedasticity, independence, and multicollinearity) are
required.

CONCLUSION

Based on the results of multiple linear regression analysis on simulated data, it can be
concluded that the effectiveness of using augmented reality (AR)-based learning media in
enhancing elementary school students’ learning motivation is influenced by several key factors.
The coefficient of determination (R2~0.77R indicates that 77% of the variation in learning
motivation can be explained by the independent variables tested, namely AR visualization
quality, teacher support, ease of use, and supporting infrastructure. Meanwhile, the Root Mean
Squared Error (RMSE = 0.53) suggests a relatively small prediction error, indicating that the
model can be categorized as having good accuracy. Furthermore, the F-test with a highly
significant level reinforces that the model is simultaneously appropriate to explain the
influence of these factors on students’ learning motivation.

Thus, this study provides strong evidence that AR-based interactive learning media serve
not only as technological innovations but also as pedagogical instruments capable of
meaningfully enhancing students’ engagement in the learning process. Nevertheless, the
conclusions drawn remain preliminary since they are based on simulated dummy data.
Therefore, further research with broader and more diverse empirical data is essential to
strengthen the validity of these findings.

AUTHOR CONTRIBUTIONS

Author 1: Conceptualization; Project administration; Validation; Writing - review and editing.
Author 2: Conceptualization; Data curation; In-vestigation.

Author 3: Data curation; Investigation.

Author 4: Formal analysis; Methodology; Writing - original draft.

Author 5: Supervision; Validation.

CONFLICTS OF INTEREST
The authors declare no conflict of interest

REFERENCES

Asif, S. A, Cao, Y., Veng, S., Chisholm, K., Posthumous, R. P., Rutherford, T., Shen, C.-C., &
Mouza, C. (2025). AugmentWall: An AR Firewall Game for Concretizing Cybersecurity
Concepts and Examining Student Engagement, Learning, and Motivation. Scopus.
https://doi.org/10.1109/ISEC64801.2025.11147428

Calabro, R. S., & Giovanni, G. (2025). Advancing Rehabilitation Medicine with the Metaverse:
Opportunities and Challenges. Brain Sciences, 15(3). Scopus.
https://doi.org/10.3390/brainscil 5030321

Dai, N., & Chen, H. (2025). An Augmented Reality-Based Smart Manufacturing Training
System for Practice Experience. Computer Applications in Engineering Education,
33(5). Scopus. https://doi.org/10.1002/cae.70079

Page | 134


https://doi.org/10.1109/ISEC64801.2025.11147428
https://doi.org/10.3390/brainsci15030321
https://doi.org/10.1002/cae.70079

Journal of Tecnologia Quantica

Devi, C. (2025). Augmented Reality and Teaching: Alternative Pedagogy for Modern
Learners: Vol. 1400 LNNS (S. Pal & A. Rocha, Eds.; pp. 468-476). Springer Science
and Business Media Deutschland GmbH; Scopus. https://doi.org/10.1007/978-3-031-
91008-1_41

Ewais, A., Dalipi, F., Abualrob, M., Ferati, M., & Kurti, A. (2025). Assessing the Teachers’
Readiness for Integrating Augmented Reality in K-12 Education: A Comparative
Analysis. International Journal of Interactive Mobile Technologies, 19(5), 22-44.
Scopus. https://doi.org/10.3991/ijim.v19105.51505

Faieza, F. A., Rahman, A. A., Wahab, R. M., & Shukri, N. M. (2025). AUGMENTED
REALITY-ASSISTED PLC LEARNING: A COMPARATIVE ANALYSIS OF
STUDENT MOTIVATION.  Jurnal  Mekanikal, 48, 149-164. Scopus.
https://doi.org/10.11113/jm.v48.566

Fuentes, C., Gémez-Garcia, S., De Stasio, S., & Berenguer, C. (2025). Augmented Reality and
Learning-Cognitive Outcomes in Autism Spectrum Disorder: A Systematic Review.
Children, 12(4). Scopus. https://doi.org/10.3390/children12040493

Garg, N., Kaur, A., Ahmad, F., & Dutta, R. (2025). Augmenting Education: The
Transformative Power of AR, Al, and Emerging Technologies. Human Behavior and
Emerging Technologies, 2025(1). Scopus. https://doi.org/10.1155/hbe2/5681184

Gashaj, V., Trninic, D., Chen, O., & Moeller, K. (2025). Beyond the page: Enriching
storybooks with embodied activities to improve mathematics skills — A scoping review.
Trends in Neuroscience and Education, 40. Scopus.
https://doi.org/10.1016/j.tine.2025.100259

Griibel, J., Chatain, J., Schmid, C., Fayolle, V., Zund, F., Gruber, R., & Stadlinger, B. (2025).
Applying Augmented Reality to Convey Medical Knowledge on Osteoclasts to Users of
a Serious Game: Vignette Experiment. JMIR Serious Games, 13. Scopus.
https://doi.org/10.2196/64751

Jingru, Z., Wan Yahaya, W. A. J., & Sanmugam, M. (2025). An educational mobile augmented
reality system to enhance undergraduate performance and motivation in design theory
courses. [Interactive  Learning  Environments, 33(6), 3858-3870. Scopus.
https://doi.org/10.1080/10494820.2025.2454436

Ka, J., Kim, H., Kim, J., & Kim, W. (2025). Analysis of virtual reality teaching methods in
engineering education: Assessing educational effectiveness and understanding of 3D
structures. Virtual Reality, 29(1). Scopus. https://doi.org/10.1007/s10055-024-01081-1

KazZmierczak, R., Grunwald, G., Skowronski, R., Kazmierczak, L., & Kowalczyk, C. (2025).
Augmented reality tools for mathematics and geoscience education. Scientific Reports,
15(1). Scopus. https://doi.org/10.1038/s41598-025-02090-z

Kucuk, S., Turan, Z., Ozkan, C. N., Tas, Y. F., & Giirsoy, T. (2025). An innovative approach
in middle school science courses: Effects of collaborative augmented reality activities
on motivation, cognitive load, and satisfaction. Infteractive Learning Environments,
33(3), 2355-2373. Scopus. https://doi.org/10.1080/10494820.2024.2408582

Lampropoulos, G. (2025). Augmented Reality, Virtual Reality, and Intelligent Tutoring
Systems in Education and Training: A Systematic Literature Review. Applied Sciences
(Switzerland), 15(6). Scopus. https://doi.org/10.3390/app 15063223

Lampropoulos, G., & Chen, N.-S. (2025). Assessing the educational impact of extended reality
applications: Development and validation of a holistic evaluation tool. Education and
Information Technologies, 30(11), 15231-15280. Scopus.
https://doi.org/10.1007/s10639-025-13383-1

Montero Izquierdo, A. L., Jeong, J. S., & Gonzalez-Gomez, D. (2025). Augmented Reality 3D
Multibase Blocks at the Future Classroom Lab Through Active Methodology:
Analyzing Pre-Service Teachers’ Disposition in Mathematics Course. Education
Sciences, 15(8). Scopus. https://doi.org/10.3390/educscil 5080954

Page | 135


https://doi.org/10.1007/978-3-031-91008-1_41
https://doi.org/10.1007/978-3-031-91008-1_41
https://doi.org/10.3991/ijim.v19i05.51505
https://doi.org/10.11113/jm.v48.566
https://doi.org/10.3390/children12040493
https://doi.org/10.1155/hbe2/5681184
https://doi.org/10.1016/j.tine.2025.100259
https://doi.org/10.2196/64751
https://doi.org/10.1080/10494820.2025.2454436
https://doi.org/10.1007/s10055-024-01081-1
https://doi.org/10.1038/s41598-025-02090-z
https://doi.org/10.1080/10494820.2024.2408582
https://doi.org/10.3390/app15063223
https://doi.org/10.1007/s10639-025-13383-1
https://doi.org/10.3390/educsci15080954

Journal of Tecnologia Quantica

Morales Méndez, G., & Lozano Avilés, A. (2025). Augmented reality and GeoGebra 3D for
improving spatial intelligence in teaching volumetric geometry. Revista de Educacion a
Distancia, 25(82). Scopus. https://doi.org/10.6018/red.644051

Prabhu, P. G., Manju Sri, P., & Nancy Noella, R. S. (2025). AR-VR Connectivity for
Learning/Motivation for Dyslexia Kids. Scopus.
https://doi.org/10.1109/ICAECA63854.2025.11012219

Ridwan, M., Aswanda, N., Ahmedov, F., & Pranoto, A. (2025). Augmented Reality’s Impact
on Learning Motivation In Physical Education: A Systematic Review. International
Journal  of  Body, Mind  and  Culture, 12(2), 5-12. Scopus.
https://doi.org/10.61838/ijbmc.v12i2.838

Rodriguez-Saavedra, M. O., Barrera-Benavides, L. G., CUENTAS GALINDO, I., Campos
Ascuiia, L. M., Morales Gonzales, A. V., Mamani Lopez, J. W., & Arguedas-Catasi, R.
W. (2025). Augmented Reality as an Educational Tool: Transforming Teaching in the
Digital Age. Information (Switzerland), 16(5). Scopus.
https://doi.org/10.3390/info 16050372

Singh, N. T., Yadav, K., Kumar, R., Yadav, V., Bhardwaj, P., & Chaurasia, A. (2025). Al-
Powered Learning Management System for Enhanced Education. 460—464. Scopus.
https://doi.org/10.1109/ICICV64824.2025.11085707

Tariq, M. U. (2025). Al-driven personalized learning: Revolutionizing student engagement and
teacher efficiency in education 5.0 (pp. 75-95). IGI Global; Scopus.
https://doi.org/10.4018/979-8-3693-9770-1.ch004

Tiep, P. Q., & Huong, N. T. (2025). Building A Flipped Classroom Model Combined with
Augmented Reality to Improve the Effectiveness of Teaching Natural and Social
Sciences in Primary Schools. Educational Process: International Journal, 18. Scopus.
https://doi.org/10.22521/edupij.2025.18.445

Viézquez-Cano, E., Gomez-Galan, J., Burgos-Videla, C. G., & Lopez-Meneses, E. (2025).
Augmented Reality (AR) and Training Processes at the University: Descriptive Study
of New Applications for the Development of Digital Competences. Psychology, Society
and Education, 12(3), 275-290. Scopus. https://doi.org/10.25115/psye.v10i1.2826

Zhang, J., Wan Yahaya, W. A. J., Sanmugam, M., & Dai, Y. (2025). Assessing Cognitive
Load, Performance, and Motivation in Design History Classes Through an Augmented
Reality Application. SAGE Open, 15(2). Scopus.
https://doi.org/10.1177/21582440251335387

Zuniga-Solorzano, M. E., & Fabregat, R. (2025). Building Extended Reality Learning
Communities in Universities: The CIRE-UNAH Case in Honduras: Vol. 2272 CCIS (J.
M. Kriiger, D. Pedrosa, D. Beck, M.-L. Bourguet, A. Dengel, R. Ghannam, A. Miller,
A. Pena-Rios, & J. Richter, Eds.; pp. 19-33). Springer Science and Business Media
Deutschland GmbH; Scopus. https://doi.org/10.1007/978-3-031-80472-4 2

Copyright Holder :
© Faisal et.al (2025).

First Publication Right :
© Journal of Tecnologia Quantica

This article is under:

@®O

Page | 136


https://doi.org/10.6018/red.644051
https://doi.org/10.1109/ICAECA63854.2025.11012219
https://doi.org/10.61838/ijbmc.v12i2.838
https://doi.org/10.3390/info16050372
https://doi.org/10.1109/ICICV64824.2025.11085707
https://doi.org/10.4018/979-8-3693-9770-1.ch004
https://doi.org/10.22521/edupij.2025.18.445
https://doi.org/10.25115/psye.v10i1.2826
https://doi.org/10.1177/21582440251335387
https://doi.org/10.1007/978-3-031-80472-4_2

