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Augmented Reality (AR) has emerged as a transformative tool in technical
education, particularly in computer engineering. This study evaluates AR’s
effectiveness in enhancing practical skills through a mixed-methods approach
involving 60 students divided into an AR-trained experimental group and a
control group using traditional methods. Quantitative analysis revealed a
significant improvement in post-test performance for the AR group (M =88.1,
SD = 6.3) compared to the control group (M = 75.3, SD = 8.1), with a large
effect size (Cohen’s *d* = 3.14). Qualitative findings highlighted reduced
anxiety, deeper conceptual understanding, and higher engagement among AR
users. Despite challenges such as hardware requirements and content
development, the study suggests that AR integration, coupled with instructor
training, can significantly enhance technical education. Recommendations
include institutional investment in AR tools and further research on long-term

Mixed-Methods Research skill retention and scalability. The findings affirm AR’s potential as an

immersive and interactive learning medium, bridging the gap between theory
and practice in engineering education.
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1. INTRODUCTION

Augmented Reality (AR) has emerged as a significant educational tool, fostering interactive and
engaging learning environments across various disciplines. As one of the many Al-powered technologies, AR
leverages computer vision, machine learning, and spatial computing to overlay digital content onto the physical
world, creating immersive and adaptive experiences. Beyond AR, artificial intelligence (Al) has revolutionized
human productivity by automating repetitive tasks, enabling data-driven decision-making, and enhancing
creativity—from healthcare diagnostics to autonomous systems and personalized education[1,2].

The utility of AR extends from language learning to health sciences and engineering, indicating its
versatility and effectiveness as an instructional medium. Research has demonstrated that AR significantly
enhances language learning experiences by increasing student engagement and improving retention rates. For
instance, a systematic review revealed that AR techniques facilitate vocabulary acquisition in English as a Foreign
Language (EFL) classrooms, improving attention and satisfaction among students [3]. This is corroborated by
findings that AR applications can transform traditional vocabulary teaching methods using immersive experiences
[4]. The integration of AR in language learning not only supports vocabulary acquisition but also helps cultivate
self-efficacy and motivation among learners [5].

In the domain of health sciences, AR technologies have been shown to improve technical skills and
decision-making capabilities in learners of varying expertise. AR tools can effectively simulate clinical situations,
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which is particularly beneficial in training healthcare professionals [6,7]. The interactive nature of AR promotes
hands-on learning, which is essential for mastering complex procedures common in medical education [8].
Moreover, studies indicate that AR can facilitate a more interactive way to understand anatomy, elevating the
learning experience beyond traditional textbooks [9]. Furthermore, AR's role in technical education, particularly
in teaching complex subjects such as engineering and physics, has been highlighted. Implementing AR in these
settings enhances students' spatial understanding and conceptual grasp of three-dimensional structures, improving
overall academic performance [10,11]. For example, AR has been effectively utilized in teaching chemistry and
biology, allowing students to visualize macromolecules and chemical bonding in a more tangible way than
conventional methods [10][12][13].

Moreover, AR tools have been found to enhance collaborative learning environments, encouraging
student interaction and peer engagement, which is crucial for developing effective communication skills in
educational contexts [14]. Studies underscore the importance of incorporating adequate training for educators in
using AR, thus ensuring that the technology is fully leveraged to enhance teaching efficacy [15,16]. Overall,
augmented reality is not merely an innovative technology but a transformative educational tool that bridges the
gap between theoretical concepts and practical applications, promoting deeper understanding and increased
learner motivation across diverse fields of study.

2. METHOD

This study employs a mixed-methods research design to comprehensively evaluate the effectiveness
of Augmented Reality (AR) in enhancing technical skills among computer engineering students. By integrating
quantitative performance metrics with qualitative user feedback, the methodology aims to provide robust
empirical evidence while capturing the experiential aspects of AR-based learning. Below is a detailed
breakdown of the methodological framework.

2.1. Research Design
The study adopts a quasi-experimental approach, comparing an experimental group (using AR
training modules) with a control group (traditional lab-based training). This design allows for causal inferences
about AR’s impact while accommodating real-world educational constraints (e.g., existing class schedules).
a. Quantitative Component:
Pre- and post-tests measure skill acquisition in tasks like circuit assembly, hardware troubleshooting,
and network configuration. Performance metrics include task completion time, error rates, and scores
on standardized rubrics.
b. Qualitative Component:
Surveys assess perceived usability, engagement, and cognitive load. Semi-structured interviews
explore student experiences, challenges, and suggestions for improvement.

Rationale: Mixed methods address limitations of purely quantitative studies (e.g., inability to explain why AR
works) and purely qualitative studies (e.g., small sample biases).

2.2. Participants
The study involves 60 undergraduate computer engineering students from a technical university,
divided into two groups:
a. Experimental Group (n=30): Trained using AR modules.

b. Control Group (n=30): Trained via conventional lab manuals and instructor demonstrations.

2.2.1. Selection Criteria
a. Participants are enrolled in a hardware/software lab course (e.g., "Computer Systems Engineering").
b. No prior AR experience to minimize confounding variables.
c. Stratified sampling ensures balanced representation of gender and academic performance.

2.2.2. Ethical Considerations
a. Informed consent is obtained, emphasizing voluntary participation and data anonymity.
b. Participants may withdraw at any stage without penalty.

2.3. AR Tool Development
The AR training system is developed using Unity 3D and Vuforia SDK for marker-based tracking,
with additional Al-driven features:
a. Modules Developed:
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1) Virtual Circuit Assembly: Overlays step-by-step instructions on physical breadboards. Uses
computer vision to detect component placement errors in real time.

2) Hardware Troubleshooting: Simulates common PC hardware failures (e.g., RAM installation
errors). Provides adaptive hints via a rule-based Al system.

3) Network Configuration: AR-guided simulations of subnetting and router setup.

b. Al Integration:

1) Obiject recognition (OpenCV) validates student actions during tasks.

2) Adaptive difficulty: Adjusts task complexity based on real-time performance (e.g., reducing
scaffolding for advanced learners).

Pilot Testing: A preliminary version is tested with 10 students to refine interface design and task difficulty.
Feedback leads to iterations like adding voice instructions and simplifying marker triggers.

2.4. Data Collection Procedures

a. Pre-Test: Both groups complete a 30-minute practical exam (e.g., assembling a 555-timer circuit).
Evaluated by lab instructors using a standardized rubric (inter-rater reliability >0.8).

b. Intervention: Experimental group uses AR modules for 4 weeks (2 sessions/week, 1.5 hours/session).
Control group follows traditional lab protocols.

c. Post-Test: Repeats the pre-test tasks with added complexity (e.g., debugging a faulty circuit).

d. Surveys & Interviews: System Usability Scale (SUS): Rates AR tool usability (e.g., "I found the AR
system easy to use"). Open-ended interviews: Probe emotional responses (e.qg., frustration with marker
detection) and skill retention.

2.5. Data Analysis

2.5.1. Quantitative Analysis
a. Paired t-tests: Compare pre-/post-test scores within groups.
b. ANCOVA: Controls for baseline differences between groups while assessing post-test outcomes.
c. Effect sizes (Cohen’s *d*) quantify AR’s practical impact.

2.5.2. Qualitative Analysis
a. Thematic analysis (Braun & Clarke, 2006) of interview transcripts identifies patterns (e.g., "AR
reduced fear of hardware damage").
b. Sentiment analysis of survey comments categorizes feedback as positive/neutral/negative.

2.6. Validation & Realibility
a. Expert Review: Five computer engineering educators evaluate AR content for technical accuracy and
pedagogical soundness.
b. Pilot Study: Confirms instrument validity (e.g., survey questions align with research objectives).
c. Triangulation: Cross-checks quantitative results with qualitative insights (e.g., high performance
scores + interview claims of "increased confidence").

2.7. Limitations
a. Generalizability: Findings may not apply to non-engineering disciplines.
b. Short-Term Focus: Long-term skill retention is not measured.
c. Hardware Constraints: Requires smartphones/AR headsets, which may limit accessibility.

This rigorous, multi-faceted approach ensures that the study not only measures AR’s efficacy but also
provides actionable insights for educators and AR developers. Future work could explore Al-powered real-
time assessment (e.g., automated grading of student actions in AR) and scalability across institutions.

3. RESULTS AND DISCUSSION

3.1. Quantitative Results

The quantitative analysis indicates that the use of Augmented Reality (AR) in technical skills training
for computer engineering students significantly enhances performance compared to traditional methods. Table
1 presents a comparison of pre-test and post-test scores between the experimental and control groups.
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Table 1. Comparison of pre-test and post-test

Group Pre-Test (M = SD) Post-Test (M +SD) p-value  Cohen’s d
Experimental 65.2+8.4 88.1+6.3 <0.001 3.14
Control 64.9+7.9 75.3+8.1 0.002 1.30

Analysis of Covariance (ANCOVA) controlling for baseline differences revealed a significant effect
of the intervention (F(1, 58) = 18.72, p < 0.001), with a large effect size (n?> = 0.24). The Cohen’s d value of
3.14 for the experimental group indicates a very large practical impact of AR on skill acquisition.

3.2. Qualitative Results

Thematic analysis of semi-structured interviews identified several key themes:

a. Reduced Anxiety: Students reported feeling more confident and less anxious during practical tasks,
having become familiar with procedures through AR simulations.

b. Enhanced Conceptual Understanding: AR facilitated a deeper understanding of abstract concepts,
such as circuit behavior and network configurations, through interactive 3D visualizations.

c¢. Increased Engagement and Motivation: The interactive nature of AR modules led to higher levels of
student engagement and motivation in laboratory sessions.

Sentiment analysis of survey responses indicated that 85% of students in the experimental group provided
positive feedback regarding their learning experience with AR, while 10% were neutral, and 5% expressed
negative sentiments.

3.3. Discussion

These findings align with previous research demonstrating the efficacy of AR in enhancing technical
skills and conceptual understanding in engineering education. For instance, Singh et al. (2019) reported that
AR improved laboratory skills and reduced cognitive load among electronics engineering students [17].
Similarly, a study by Vasquez-Carbonell (2022) highlighted AR's role in enhancing comprehension in subjects
requiring 3D visualization, such as technical drawing and electronics [18]. The immersive and interactive
nature of AR allows students to visualize and manipulate complex systems in real-time, bridging the gap
between theoretical knowledge and practical application. This approach not only enhances understanding but
also fosters a more engaging and motivating learning environment.

However, the implementation of AR in education is not without challenges. Technological limitations,
such as the need for compatible hardware and software, can pose barriers to widespread adoption. Additionally,
the development of high-quality AR content requires significant time and expertise, which may not be readily
available in all educational settings. Despite these challenges, the positive outcomes observed in this study
suggest that AR has the potential to transform technical education by providing immersive and interactive
learning experiences that enhance skill acquisition and conceptual understanding.

3.4. Practical Implications

Based on the findings, it is recommended that educational institutions consider integrating AR into
their curricula, particularly in courses that involve complex technical concepts and practical skills. Providing
training for educators in the effective use of AR tools is crucial to maximize their potential benefits.
Furthermore, investing in the development and acquisition of AR-compatible hardware and software can
facilitate the implementation of AR-based learning environments. Future research should explore the long-
term effects of AR on skill retention and its applicability across different engineering disciplines. Additionally,
investigating the scalability and cost-effectiveness of AR implementations can provide valuable insights for
broader adoption in educational settings.
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Figure 1 Process flow of developing AR modules for technical skills training, encompassing stages from
planning and design to testing and evaluation
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Figure 2. Comparing the pre-test and post-test scores of the experimental and control groups, highlighting the
significant improvement in performance among students using AR-based training

AR represents a promising educational technology that can enhance the learning experience in
technical education by providing immersive, interactive, and engaging environments that support skill
development and conceptual understanding.
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4. CONCLUSION

The study demonstrates that Augmented Reality (AR) significantly enhances technical skill
acquisition among computer engineering students compared to traditional learning methods. Quantitative
results reveal a substantial improvement in post-test performance for the AR group, with a large effect size
(Cohen’s *d* = 3.14), indicating AR's strong practical impact. Qualitative feedback further supports these
findings, highlighting reduced anxiety, improved conceptual understanding, and increased engagement among
students using AR. These outcomes align with prior research, reinforcing AR’s potential as an effective
educational tool in technical disciplines.

Despite its advantages, challenges such as hardware requirements and the need for specialized AR
content development remain barriers to widespread adoption. However, the study suggests that investing in
AR infrastructure and educator training can mitigate these obstacles, making AR a viable supplement to
conventional lab-based instruction. Institutions should consider integrating AR into engineering curricula to
enhance hands-on learning experiences and improve student outcomes. Future research should explore AR’s
long-term effects on skill retention and its applicability across diverse engineering fields. Additionally,
investigating cost-effective and scalable AR solutions will be crucial for broader implementation. Overall, this
study underscores AR’s transformative potential in technical education, offering an immersive, interactive, and
engaging approach to mastering complex engineering concepts..
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