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ABSTRACT 

Teaching PC and smartphone hardware assembly faces a major challenge in educational contexts with limited 
access to physical laboratories or real equipment. This limitation hinders hands-on learning, which is essential 
for the development of technical skills in engineering and related careers. Although simulators and digital 
tutorials have been implemented as a solution, many of these resources fail to provide immersive experiences 
or foster deep understanding, due to their low interactivity or lack of immediate feedback. Therefore, for this 
research, a mixed reality (MR) application called Build_3D was developed and used as an educational support 
for learning about PC and smartphone hardware. To evaluate its effectiveness, a quasi-experimental study was 
conducted, including a control group that used traditional methods and an experimental group that used the 
application. The results indicated a significant improvement in the academic performance of the experimental 
group, attributed to the immersive and interactive nature of the MR experience. Furthermore, students reported 
high levels of satisfaction, particularly regarding the interface, clarity of information, and ease of use. These 
findings suggest that integrating MR into educational environments can over-come physical barriers, promote 
active learning, and strengthen students' technical understanding. The proposed solution not only improves 
academic performance but represents a viable and scalable model for modernizing hands-on teaching in higher 
education, especially in technological disciplines. 

KEYWORDS: 3D Simulation, Active Learning, Educational Technology, Computer Hardware, Higher 
Education, Teaching Innovation, Mixed Reality, Meta Quest 3 Virtual Environment. 
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1. INTRODUCTION 

Hands-on learning in technical careers, such as 
engineering and computer-related areas, represents 
an essential component for the development of 
professional skills (Liston et al., 2022; Vate-U-Lan, 
2008). This area of knowledge involves not only 
identifying physical components, but also 
understanding their function, interactions and the 
correct assembly process (Faizan Hassan et al., 2024; 
Fasihuddin, 2023). However, one of the main 
challenges faced by educational institutions, 
particularly in developing countries or pre-
budgetary constrained contexts, is the lack of access 
to well-equipped laboratories that allow real and 
repeatable practices (da Silva et al., 2023; Valenzuela-
Valdés et al., 2016). This shortcoming limits students' 
ability to develop technical skills, which can result in 
poor academic performance and inadequate 
preparation for the professional environment (Chou 
& Feng, 2019; Shrestha, 2021).  

The issue becomes even more relevant in the post-
pandemic context, where many institutions have 
opted for hybrid or fully virtual learning models, and 
the need for technological alternatives to overcome 
physical limitations has become increasingly urgent 
(Park, 2021; Puspasari et al., 2020). In this sense, 
emerging technologies such as Augmented Reality 
(AR), Virtual Reality (VR) and, more recently, Mixed 
Reality (MR), have been the subject of growing 
interest in the educational field (Kiat et al., 2016; 
Moro et al., 2021; Yang et al., 2020). These 
technologies have the potential to offer immersive 
and interactive experiences that can simulate real-
world scenarios, facilitate autonomous learning, and 
promote greater student motivation (Cai et al., 2020; 
Criollo-C, Guerrero-Arias, Buenaño-Fernández, et 
al., 2024; Faridi et al., 2020). However, despite their 
potential, there remains a gap between the 
development of these technologies and their effective 
implementation in real-world educational contexts 
(Criollo-C, Guerrero-Arias, Cerezo, et al., 2024; 
Criollo-C, Guerrero-Arias, et al., 2021; Sural, 2017).  

MR is a fusion between real and virtual 
environments that enables real-time interaction with 
digital objects within physical space, it is positioned 
as one of the most promising technologies in 
technical education (Cabero-Almenara et al., 2025; 
Xia et al., 2021). Compared to VR, which completely 
replaces the physical environment, MR maintains a 
link to the student's real-world space, which can 
facilitate spatial orientation, precise object 
manipulation, and integration of theoretical 
knowledge with hands-on experiences (Richert et al., 
2019; Shaytura et al., 2021). Furthermore, with the 

advancement of devices such as Meta Quest 3, which 
combine high-precision sensors, high-quality 
graphics, and portability, the creation of educational 
applications in MR is becoming increasingly 
accessible and functional (Criollo-C, Guerrero-Arias, 
Buenaño-Fernández, et al., 2024).  

Several studies have addressed the 
implementation of immersive technologies in 
education, yielding varied results (Ali et al., 2019; 
Tumkor, 2018). In some cases, the use of 3D 
simulators and interactive platforms has 
demonstrated improvements in knowledge 
retention, engagement and understanding of abstract 
concepts (Martín-Gutiérrez et al., 2011; Müller et al., 
2007; Putranda et al., 2023). However, many of these 
solutions have limitations: unintuitive interfaces, 
unrealistic experiences, or insufficient instructional 
design to adapt to the pace and needs of the learner 
(Vasilevski & Birt, 2020). Also, much of the existing 
research has focused on the perception or acceptance 
of these technologies, leaving aside the direct 
measurement of the academic impact through 
comparative experimental studies (Cabero-
Almenara et al., 2025).  

In light of this context, the present research aims 
to provide an empirical contribution to evaluate the 
impact of the use of an educational application based 
on MR on the learning of computer hardware and 
smartphones. Unlike many existing Mixed Reality 
educational tools, Build_3D was specifically 
designed for use with Meta Quest 3 devices. Its 
interface integrates realistic hardware assembly 
experiences, both from personal computers and 
smartphones, into a fully interactive environment 
with a defined pedagogical structure. While other 
MR applications typically focus on visualization or 
conceptual exploration, Build_3D combines highly 
accurate 3D modeling, and guided interaction, 
allowing students to manipulate virtual components 
just as they would in a physical lab. This research 
revealed that the students who participated in the 
experiment achieved an improvement of 30–35% in 
academic performance. In addition, a 25–27% 
improvement was observed in the test completion 
time.  

The proposal seeks not only to facilitate access to 
practical experiences, but also to promote an active, 
autonomous and motivating learning environment 
that effectively complements the theory taught in 
class. To evaluate the application's effectiveness, a 
quasi-experimental study was designed with two 
groups of students: a control group that followed the 
traditional learning method (theoretical classes with 
static lectures), and an experimental group that used 
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Buil_3D as a complementary resource. Both groups 
were assessed through a test administered at the end 
of the instruction period, allowing comparison of the 
scores obtained. The results analysis focused on 
identifying whether there was a significant difference 
in academic performance attributable to the use of 
immersive technology.  

The results obtained show a notable improvement 
in the experimental group, whose members achieved 
significantly higher scores in a shorter amount of 
time in the final evaluation compared to the control 
group. This difference is attributed to several factors: 
the increased level of interactivity, the possibility of 
safely and repeatedly experiencing the assembly of 
components, and the greater motivation generated 
by the immersive environment. In addition, it was 
observed that students in the experimental group 
reported higher satisfaction with the learning 
process, highlighting the ease of use and its 
usefulness for visualizing complex processes 
intuitively. This study provides relevant empirical 
evidence on the potential of MR as a tool for 
enhancing academic performance in technical fields. 
The implementation of this technology allows 
overcoming physical and economic barriers and is 
presented as a viable solution for institutions seeking 
to innovate in their teaching methods without relying 
exclusively on physical infrastructure. Additionally, 
the use of MR in standalone devices such as Meta 
Quest 3 offers an immersive experience without 
cables or additional equipment, which facilitates its 
adoption in diverse educational environments.  
The objectives of this research were: 
1. Objective 1: To analyse whether the use of the 
Build_3D application improves students’ academic 
performance compared to traditional methods of 
hardware instruction.  
2. Objective 2: To identify the challenges and 
limitations encountered when using an MR-based 
application as a support tool in education. 
This section presents an overview of the use of MR 
technology in education. Section II presents a related 
work. Section III outlines the methodology used to 
achieve the proposed objectives. Section IV presents 
the findings of the study. Section V comprises the 
results. Section VI presents the conclusions and 
Section VII outlines possible avenues for future 
research 

1. LITERATURE REVIEW 

In recent years, MR has emerged as a promising 
educational technology that enables the integration 
of virtual environments with the physical world in 
real time, offering highly interactive immersive 

experiences (Pooryousef et al., 2024). Several studies 
have explored its application in educational contexts, 
highlighting its potential to enhance conceptual 
understanding, student motivation and accessibility 
to technical practices in resource-limited 
environments (Hughes et al., 2005; Putranda et al., 
2023). Through this technology, students can interact 
with three-dimensional objects, allowing for better 
understanding (Cabero-Almenara et al., 2025). They 
can also interact with data sets, complex formulas, 
and abstract concepts that might be more difficult to 
understand with verbal instructions from the teacher 
(Ali et al., 2019; Richert et al., 2019). MR as 
pedagogical support offers educators new innovative 
possibilities to explore with students through direct 
experience creates an effective way to captivate 
struggling learners or can simply provide another 
opportunity to boost engagement during lessons 
(Criollo-C et al., 2025; Sankaran et al., 2019). 
Examples include: 

Ali Almaas et al. (Ali et al., 2019) present a 
systematic mapping of the literature published 
between 2007 and 2017 on collaborative educational 
environments that integrate MR technologies. The 
authors identify a growing interest in these 
technologies, particularly with the emergence of 
devices such as the HoloLens and Oculus Rift. The 
main contribution of the study is to provide a 
comprehensive overview of the current state of the 
field, encouraging educators to design MR-based 
learning artifacts and to promote further research 
that strengthens collaborative education. The study 
highlights that most RM work focuses on ad hoc 
systems and artificial experiments, with limited 
validation in real or long-term educational settings. 
Furthermore, they emphasize that RM applications 
rarely integrate assessment or performance 
monitoring mechanisms, limiting themselves to 
visualization or practice. The article reveals that most 
RM applications in education focus on natural 
sciences, languages, or medicine, with very little 
attention paid to technical training or applied 
engineering. 

Albeedan Meshal et al. (Albeedan et al., 2024) 
have conducted several studies related to MR 
technology The first of them propose and evaluate an 
MR system to train young police officers in Kuwait in 
crime scene investigation. Using Microsoft HoloLens 
2.0, the system spatially recreates 3D scanned scenes. 
The goal is to offer a practical and cost-effective 
alternative to training in real environments, which is 
often expensive and complex. The results were 
positive in terms of usability, interaction and overall 
satisfaction. Experts also highlighted their 
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educational value, despite the high cost of the 
devices, and recommended their future 
commercialization as an essential tool in forensic 
training. In another paper, these authors explore the 
intention to use MR devices among police academy 
students, especially for forensic investigation 
training. The results show that the mobility of the MR 
device positively influences both perceived ease of 
use and usefulness. It is also evident that the fit 
between tasks and technology is more determinant in 
usefulness than in ease of use. The study offers 
theoretical and practical implications for the 
adoption of MR in technical training environments 
(Albeedan et al., 2023). 

Fidalgo Catarina et al. (Fidalgo et al., 2023) present 
a systematic review of 62 studies on the use of MR in 
distance assistance and training environments. They 
identify opportunities such as expanding the 
scenarios beyond the classical interaction between an 
expert and a trainee, enabling seamless transition 
between realities, and integrating advanced 
techniques such as eye or gesture tracking. MR 
appears as a promising solution in fields such as 
medicine, engineering and education. 

Putranda Insan Ganang et al. (Putranda et al., 
2023) investigated the use of MR to enhance piano 
teaching by incorporating real-time audio 
processing. The application was tested with 31 users 
and revealed that curiosity and joy were the main 
factors motivating its use. Although the learning 
effectiveness was moderate, with an improvement of 
31.28%, it highlights the potential of MR to maintain 
motivation and enhance the musical educational 
experience. 

Pooryousef Vahid et al. (Pooryousef et al., 2024) 
propose a new workflow for autopsy documentation 
using an MR system. The solution integrates 3D 
visualization, voice and hand interaction, procedure 
recording and real-time collaboration. Unlike 
previous tools, this approach aims to fully embedded 
into the forensic process, avoiding additional steps 
such as manual image extraction for reporting. 
Preliminary findings suggest that the system can 
improve data management, facilitate post-procedure 
review and reduce reporting times. Moreover, it is 
projected to be a tool of high educational value for 
medical and forensic training. 

Shaytura Sergey et al. (Shaytura et al., 2021) 
explore the use of VR, AR, and MR technologies in 
the creation of immersive cyber-physical systems, 
mainly focused on virtual laboratories. Real-world 
experiences are described using laser scanning to 
generate highly accurate digital models of objects, 
university buildings, roads, and other physical 

spaces. These representations can be used in 
educational planning as well as in urban 
management or security, when integrated with real-
time camera data. The combination of these 
technologies allows the user to be included within 
three-dimensional models, enhancing sensory 
interaction with virtual environments. The article 
describes how this convergence between 3D 
scanning, VR and solid modeling is becoming an 
integral part of the educational and scientific 
research process. 

Hughes Charles et al. (Hughes et al., 2005) address 
the transition of MR technologies from the laboratory 
to real and sustainable applications, highlighting the 
importance of multidisciplinary collaboration to 
achieve this. Practical experiences are presented in 
the development of virtual urban environments 
applied to military training, situational awareness 
and community learning. The article highlights that 
for emerging MR capabilities to be fully integrated 
into everyday applications, it is essential to overcome 
technical, creative and production challenges, as well 
as to generate immersive experiences that are 
educationally, recreationally and socially 
meaningful. 

Pascal Knierim et al. (Pascal et al., 2018) identify 
current challenges facing developers and educators, 
such as lack of relevant content, pedagogical 
difficulties in integrating MR into the classroom, and 
lack of knowledge of the real long-term benefits. 
Nevertheless, important opportunities are also 
recognized: the personalization of learning, the 
possibility of creating more immersive support 
experiences, and the democratization of access to 
knowledge. The text concludes with a call for further 
research on how to design effective MR 
environments that truly transform teaching and 
learning. 

Recent literature supports the use of MR 
technology as an innovative strategy to enrich 
technical, scientific and artistic learning. However, it 
also underscores the need to continue generating 
empirical evidence that validates its impact on 
academic performance and skill acquisition, 
especially in controlled studies and real application 
contexts, such as the one developed in this research. 

2. METHODOLOGY  

2.1. Mobile Augmented Reality Application 
Design 

2.1.1. Design Process 

The project was born from the idea of building a 
tool focused on learning about the components and 
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assembly of hardware, such as a computer and a 
smartphone, using MR technology. To achieve this 
goal, two challenges had to be overcome with 
innovation and creativity. The first challenge was the 
assembly process for the elements (PC and 
smartphone), and the second was designing an 
interface that provides an optimal user experience. 
The application enables users to take components 
and assemble them correctly with natural 
interactions, meaning minimal friction and as closely 
resembling real-life actions as possible. The natural 
approach allows users to manipulate objects, 
position them, release them, or rearrange them using 
hand gestures like “grabbing” and “releasing”. To 
accomplish this, customized software and code were 
utilized, leveraging the integrated cameras in Meta 
Quest 3 to detect hand silhouettes, finger positions, 
curvature, flexion, spacing between fingers, and 
opposition.  

The complete application design is published in 
our previous publication: "Using Mixed Reality (MR) 
as an Emerging Technology for Improving Higher 
Education: Analysis of Mental Workload." (Criollo-

C, Guerrero-Arias, Buenaño-Fernández, et al., 2024). 
Figure 1 provides a detailed visualization of the 
disassembly process of a PC and a smartphone. The 
background displayed in these figures is an example 
of the ability to use MR ubiquitously, this academic 
support can be used in the classroom or outside the 
classroom. Build_3D uses MR to show key internal 
elements such as the battery, the motherboard, the 
camera module or the haptic engine, among others. 
This detailed segmentation allows users to see each 
component in its physical context, facilitating 
interactive learning about PC and smartphone 
hardware. Figure 1 shows that users can interact 
directly with device components, simulating actions 
such as removing the motherboard. Figure 1A shows 
the components of a PC and Figure 1B shows the 
components of a smartphone. This suggests that the 
application promotes a hands-on, immersive 
approach, which can improve information retention 
and motivation in learning. Direct manipulation of 
components in MR space represents a significant 
advance over traditional teaching methods, such as 
textbooks or 2D simulations. 

 
Figure 1. Handling Hardware Components In Build_3D (A: PC Components, B: Smartphone Components) 

In each scene, floating information panels are used to explain the hardware com-ponents. The texts 
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provide technical descriptions of the purpose and 
characteristics of each component. This accessible 
presentation allows students to learn at their own 
pace, providing a personalized educational 
experience. The application is scalable in terms of the 
types of devices that can be disassembled, suggesting 
that it can be extended to other hardware or 
electronic devices, which would provide versatility 
for different training areas. Additionally, as seen in 
Figure 1 there is a mechanism (a red button) that can 
be pressed to switch between the visualization of a 
smartphone and a PC, highlighting a key feature in 
the design of Build_3D, which is its ability to teach 
various types of hardware technology. This shows 
that the application can be adjusted to different levels 
of knowledge, covering both simple components and 
more complex systems like those in a PC. 

2.2. Experimental Protocol 

This research used a non-probabilistic 
convenience sampling and a quasi-experimental 
design with two control groups and two 
experimental groups, with the aim of evaluating the 
impact of MR on academic performance in subjects 
related to the assembly of PC hardware and 
smartphones. The intervention consisted of teaching 
the same thematic content to both groups, using two 
different methodologies.  
The study involved 100 students enrolled in two 
sections of a computer hardware course. The groups 
were formed as follows for the experimental study. 

2.2.1. Participants 

 Section 1 is referred Group 1 (GR1): composed 
of 50 students (9 women and 41 men). 

 Section 2 is referred Group 2 (GR2): composed 
of 50 students (12 women and 38 men). 

All students had basic prior knowledge of the 
content addressed and experience in the use of digital 
technologies. Each participant was provided with an 
informed consent form for their participation and 
was informed that they could withdraw from the 
experiment at any time. Participation was voluntary 
and anonymous, guaranteeing compliance with 
ethical principles. In addition, we included the 
participation of 15 university teachers, experts in 
technological education, who were interviewed with 
the aim of identifying the challenges and limitations 
associated with the use of MR applications as support 
in the teaching-learning process. 

2.2.2. Control And Experimental Group Design 

Because the experiment was carried out in the 
same semester but at different times for each section, 

the groups were divided into two subgroups each 
(GR1: EG1, CG1; GR2: EG2, CG2) to carry out the 
proposed research analysis. Experimental sub-
groups EG1 and EG2 received PC and smartphone 
hardware lessons using two teaching methodologies: 
one traditional and one with the support of the 
Build_3D application. The control subgroups CG1 
and CG2 only received classes using the traditional 
method. Each subgroup is composed of 25 students, 
as shown in Table 1. 

2.2.3. Teaching Scheme 

Two different teaching schemes were used in this 
research: 

 Traditional Teaching: This type of teaching 
was used with the control group stu-dents CG1 
and CG2. This group of students received the 
class through traditional classroom utilizing 
presentations and workshops. 

 Teaching with Build_3D: This type of teaching 
was used with the experimental group 
students EG1 and EG2. This group of students 
received the class through a blended strategy, 
which included a traditional theoretical 
session taught by the teacher and a subsequent 
hands-on interaction with the Build_3D 
application. This combination sought to 
enhance learning by integrating the verbal 
explanation with immersive experience. 

At the end of the instruction, both groups 
completed a questionnaire designed to measure the 
understanding and application of the knowledge 
imparted. 

2.2.4. Task 

The activities conducted in the study included the 
following:  

 Use of Build_3D. The subgroups (EG1 and 
EG2) used the Build_3D application to explore 
and virtually manipulate elements such as 
CPU, RAM, GPU, power supply and 
motherboard.  

 Learning assessment. Both groups (GR1 and 
GR2) completed a structured test consisting of 
20 questions to compare the results obtained 
and the time it took them to answer the 
questions.  

 Teacher interviews: Semi-structured 
interviews were conducted with 15 teachers 
with experience in educational technologies. 
The interviews addressed issues such as 
technical barriers, pedagogical limitations, 
institutional acceptance and perception of the 
impact of MR on learning.  
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These interviews complemented the quantitative 
data of the study, providing a qualitative perspective 
on the practical implementation of immersive 
technologies in the university environment. 

2.2.5. Knowledge Test Validation Instrument 

The assessment instrument was validated using 
the Kuder-Richardson test (KR20), with a result of 
KR20 = 0.80 for GR1 and KR20 = 0.90 for GR2 
(acceptable between 0.70 and 0.90). The KR20 is used 
to establish the reliability of a knowledge test based 
on its averages and variances. For this purpose, a 
dichotomous scoring instrument (correct or 
incorrect) must be used. This formula is based on the 
difficulty and number of questions, the sum of their 
variances and the total variance of the assessment 
(Saupe, 1961). 

2.2.6. Definition Of Variables 

These variables define the structure of the 
experimental methodology illustrated in Figure 2, 
with the independent variables being the teaching 
method and the sample size, and the dependent 
variable being the result of the student evaluation. 

 Independent variables: 
o Teaching method (TM): 
o Traditional teaching (TT) 
o Mixed reality teaching (MRT) 

 Tamaño de la muestra:  
o 25 students (EG1) 
o 25 students (CG1) 
o 25 students (EG2) 
o 25 students (CG2) 

 Dependent variables: 
o Evaluation results (R) 

Table 1: Students’ Demographic Data. 

 
Figure 2. Research Design. 

2.2.7. Definition of Hypotheses 

To demonstrate the usefulness of the Build_3D 
application as a support tool in teaching PC 
Hardware and Smartphones, we intend to measure 
the results of the questionnaire and compare them 
between the experimental and control groups. To 
conduct this analysis, it is necessary to generate 
hypotheses to validate whether the use of Build_3D 
improves the results obtained by the students in the 
experimental group compared to the control groups.  
The hypotheses were the following: 

 First Hypothesis (H1): In the average score of 
the test results between EG1/EG2 and 
CG1/CG2 there is no significant difference.  

 Second Hypothesis(H2): In the average score 
of the test results between EG1/EG2 and 
CG1/CG2 a significant difference is presented. 

 Third Hypothesis (H3): The score of the 
EG1and EG2 group does not have a significant 
difference due to the teaching method used. 

 Fourth Hypothesis (H4): The score of EG1and 
EG2 group has a significative difference due to 
the teaching method used. 

Experimental and control groups Group 1  Group 2  Total of students 

Experimental Group 25 25 50 

Control Group 25 25 50 
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3. RESULTS 

3.1. Experimental And Control Group 

To test hypotheses H1 and H2, a Z-test was 
performed to evaluate the results of the 
questionnaire between each experimental and 
control group (EG1 and EG2; CG1 and CG2). The Z-
test was performed with a reliability of 95% and the 
variances used were previously taken from a T-test 
assuming different variances in both groups. The 
variances obtained (EG1 = 2.916; CG1 = 18.166; EG2 
= 1.693; CG2 = 32.25) are shown in Table 2 and Table 
3. The value of the Z-test performed on groups EG1, 
CG1 and EG2, CG2 can be seen in Table 4 and Table 
5. Based on the obtained Z values and the two-tailed 
critical value (example taken from EG1 and CG1; Z = 
3.70 > two-tailed critical value = 1.959) the null 
hypothesis H1 is disproved and H2 is accepted as 

true. In addition, Table 6 shows the Cohen's d value, 
which is a statistical measure that indicates how large 
or significant the difference is between two groups 
(Yin et al., 2025). Based on these results, it is 
concluded that there is a significant difference 
between the students in the experimental group 
compared to the control group. 

The value of the Z-test performed on groups EG1, 
CG1 and EG2, CG2 can be seen in Table 4 and Table 
5. Based on the obtained Z values and the two-tailed 
critical value (example taken from EG1 and CG1; Z = 
3.70 > two-tailed critical value = 1.959) the null 
hypothesis H1 is disproved and H2 is accepted as 
true. In addition, Table 4 shows the Cohen's d value, 
which is a statistical measure that indicates how large 
or significant the difference is between two groups. 
Based on these results, it is concluded that there is a 
significant difference between the students in the 
experimental group compared to the control group. 

Table 2: Two-Sample T-Test Assuming Unequal Variances (EG1; CG1). 
Variables EG1 CG1 

Mean 18.2 12.8 

Variance 2.916666667 18.1666667 

Observations 25 25 

Hypothetical difference of means 2  

Degrees of freedom 32  

T-statistic 3.702365444  

P(T<=t) one-tailed 0.000400851  

Critical value of t (one-tailed) 1.693888748  

P(T<=t) two-tailed 0.000801701  

Critical value of t (two-tailed) 2.036933343  

Table 3: Two-Sample T-Test Assuming Unequal Variances (EG2; CG2). 
Variables EG2 CG2 

Mean 17.12 11.2 

Variance 1.693333333 32.25 

Observations 25 25 

Hypothetical difference of means 3  

Degrees of freedom 27  

T-statistic 2.505968521  

P(T<=t) one-tailed 0.009270054  

Critical value of t (one-tailed) 1.703288446  

P(T<=t) two-tailed 0.018540108  

Critical value of t (two-tailed) 2.051830516  

Table 4: Z-Test for Two-Sample Mean (EG1; CG1). 
Variables EG1 CG1 

Mean 18.2 12.8 

Variance (known) 2.92 18.17 

Observations 25 25 

Hypothetical difference of means 2  

Z 3.701780229  

P(Z<=z) one-tailed 0.000107046  

Critical value of z (one-tailed) 1.644853627  

Critical value of z (two-tailed) 0.000214092  

Critical value of z (two-tailed) Critical value of z (two-tailed) 1.959963985  

Table 5: Z-Test for Two-Sample Mean (EG2; CG2). 
Variables EG2 CG2 
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Mean 17.12 11.2 

Variance (known) 1.39 32.25 

Observations 25 25 

Hypothetical difference of means 3  

Z 2.517241379  

P(Z<=z) one-tailed 0.005913888  

Critical value of z (one-tailed) 1.644853627  

Critical value of z (two-tailed) 0.011827777  

Critical value of z (two-tailed) Critical value of z (two-tailed) 1.959963985  

Table 6: Cohen´S D Value to EG And CG. 
 CG1 EG1 CG2 EG2 

Mean test results 18,20 12,80 17,12 11,2 

Standar deviation (SD) 1,70782513 4,26223728 1,30128142 5,67890835 

Number of participants 25 25 25 25 

MCG1-MEG1 5,40  5,92  

Pooled SD 3,24679329  4,11966827  

Cohen´s d 1,66317949  1,43700891  

In this context, to identify the reason for the 
results with the T and Z tests, the two additional 
hypotheses (H3 and H4) were used together with an 
analysis of variance (ANOVA), considering the 
dependent and independent variables. ANOVA is a 
statistical method that allows countering a null 
hypothesis where the means of different populations 
coincide (Criollo-C, Abad-Vásquez, et al., 2021). To 
accept or reject the hypotheses presented (H3 and 
H4), an analysis with 95% reliability was performed 
for each group of students (independent variable). 
These groups were evaluated with a questionnaire of 
20 pre-questions to identify whether the teaching 

methodology (independent variable) contributed to 
the result obtained (dependent variable). Table 1 
shows the number of groups and students who 
participated in the research, Table 7 describes the 
sample size, the working groups, and the teaching 
methodology used in each case. Table 8 shows that 
for groups EG1 and CG1 the critical value of F (4.042) 
is lower than the value of F (34.577). Therefore, the 
null hypothesis (H3) is rejected, and the hypothesis 
(H4) is accepted. Table 9 shows that for groups EG2 
and CG2 the critical value of F (4.042) is lower than 
the value of F (25.812). Therefore, the null hypothesis 
(H3) is rejected, and the hypothesis (H4) is accepted. 

Table 7: Student Sample Size. 
Variable Teaching Method Size 

EG1 TT and MRT 25 

CG1 TT 25 

EG2 TT and MRT 25 

CG2 TT 25 

Table 8: Analysis Of Variance for EG1 And CG1. 
Origin of 
variances 

Sum of 
squares 

Degrees of 
freedom 

Average of the squares F Probabilit
y 

Critical value for 
F 

Between groups 364.5 1 364.5 34.5770751 3.8186E-07 4.04265213 

Within groups 506 48 10.5416667    

Total 870.5 49     

Table 9: Analysis Of Variance for EG2 And CG2. 
 Origin of 
variances 

Sum of 
squares 

Degrees of 
freedom 

Average of the 
squares 

F Probabilit
y 

Critical value for 
F 

Between groups 438.08 1 438.08 25.812432
5 

6.1231E-06 4.04265213 

Within groups 814.64 48 16.9716667    

Total 1252.72 49     

Therefore, it is concluded that the differences 
between experimental and control groups are 
marked and consistent, suggesting that students who 
used the Build_3D application had a better 
conceptual understanding and knowledge retention. 

The test results for the experimental and control 
groups can be seen in Figure 3. The EG1 group 
obtained an average of 18.20 correct answers, while 
CG1 only achieved 12.80. In the case of EG2, the 
average was 17.12, compared to 11.20 for the CG2 
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group. These differences are substantial, indicating 
that the use of the application not only improved 
time efficiency, but also the quality of learning, as 
measured by test performance. In addition to the 
number of correct answers, the total time (in minutes) 
that each student took to complete all the questions 
was recorded. The test was administered in digital 
format, and an automatic recording system was used 
to calculate the exact time of resolution from start to 
delivery, which allowed us to analyse the speed and 
fluency of the participants' performance. Figures 4 
and 5 show the time students took to complete the 
test. 

3.2. Problems And Limitations in The Use of 
MR As a Support in Education 

The findings derived from the interviews with 
teachers reveal a series of significant barriers that 
must be addressed to achieve effective 
implementation of MR in educational contexts. 

 At the student level, as shown in Figure 6A, the 
inequality in access to MR devices outside the 
classroom and the learning curve associated 

with the initial use of the Meta Quest 3 viewer 
stand out. 

 From the teachers' perspective, the challenges, 
as shown in Figure 6B, are centred on the lack 
of specific training, the limited time to plan 
immersive classes and the difficulty of linking 
MR experiences with curricular objectives. 
Added to this is the complexity of managing 
classrooms where students interact 
individually with virtual environments. 

 Educational institutions, as shown in Figure 
6C, face structural problems such as initial 
investment in equipment, limited 
technological infrastructure and the absence of 
clear policies on the use of MR. 

 These factors reflect the urgent need to design 
institutional strategies that include training, 
technical support and comprehensive 
curricular planning. Taken together, these 
challenges underscore that technological 
innovation in education requires not only 
resources, but also a systemic and 
collaborative vision for its sustainability 

 
Figure 3: Average Grades in The Experimental (EG1, EG2) And Control Groups (CG1, CG2). 
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Figure 4: Resolution Time of The EG1-CG1 Test. 

 
Figure 5: Resolution Time of The EG2-CG2 Test. 

 
Figure 6: Problems And Limitations of The Use of MR As Support in Education (A: Students, B: Teachers, C: 

Educational Institutions) * Numbers Represent. 

4. DISCUSSION 4.1. Objective 1 

A B 

C 
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The results of this research show the significant 
impact of the incorporation of MR in the teaching-
learning process of technical content, specifically in 
the assembly of personal computer hardware and 
smartphones. The intervention carried out using the 
Build_3D application, in combination with the Meta 
Quest 3 viewer, was able to demonstrate substantial 
improvements both in the academic performance of 
the students and in their time efficiency when solving 
knowledge tests. The comparison between the 
experimental and control groups, evaluated by 
robust statistical tests (T-tests, Z-tests and ANOVA), 
confirms that the MR-based methodology provides 
clear pedagogical advantages over the traditional 
approach.  

Quantitative data reveal a statistically significant 
difference in academic performance between the 
experimental groups (EG1 and EG2) and their 
respective control groups (CG1 and CG2). This 
improvement can be attributed to the immersive and 
interactive nature of the 3D environment generated 
by the Build_3D application, which allowed the 
students not only to visualize the hardware 
components, but also to manipulate and assemble 
them virtually, generating a multisensory learning 
experience. The EG1 group obtained an average of 
18.20 correct answers in the knowledge evaluation, 
compared to 12.80 for the CG1 group, while the EG2 
group achieved an average of 17.12, significantly 
higher than the 11.20 of CG2. This difference, 
supported by the critical values of the Z and T tests, 
invalidates the null hypothesis (H1 and H3) and 
validates the alternative hypotheses (H2 and H4), 
confirming that the teaching method directly 
influences learning. 

The analysis of variance (ANOVA) reinforces this 
conclusion by showing that the variation between 
groups is not due to chance, but to the differentiated 
pedagogical intervention. In both cases analysed 
(EG1-CG1 and EG2-CG2), the observed F-value far 
exceeded the critical value, indicating that the mean 
differences between groups are statistically 
significant. In particular, the F values (34.57 and 
25.81, respectively) confirm that the MR teaching 
method has a direct effect on student performance, 
validating the effectiveness of the Build_3D tool as a 
didactic support in higher education contexts. 

Another relevant indicator, besides academic 
performance, was the time taken to complete the 
questionnaires. Students in the experimental groups 
not only achieved better results, but also completed 
the tests in less time, as evidenced in the comparative 
graphs presented (Figures 4 and 5). This difference in 
time is indicative of a more fluid and efficient 

cognitive processing by the students who interacted 
with the Build_3D application, which may be related 
to a more solid understanding of the content 
addressed and better knowledge retention. 

This finding is particularly relevant considering 
that MR allows students to experience autonomous, 
active and visual learning, which may explain both 
the improvement in results and the reduction in 
response time. The fact that students were able to 
manipulate the hardware components in a three-
dimensional virtual environment and receive 
immediate feedback during practice with Build_3D 
seems to have facilitated the internalization of 
knowledge, reducing the need for extensive 
reflection when answering the test questions. This 
speed, without detriment to the quality of the 
answers, is a key indicator of educational efficiency. 

From a pedagogical point of view, the results 
reinforce the principles of active learning, which 
postulates that students learn best when they are 
directly involved in the process. The combined 
methodology used in the experimental groups, 
which integrates theoretical instruction and 
immersive practice, is aligned with constructivist 
approaches that promote the construction of 
knowledge from experience. In contrast, the control 
groups, which were limited to traditional methods, 
relied heavily on memorization and one-way 
instruction, which could explain their lower 
performance. 

Likewise, as can be observed in previous research 
on the use of Build_3D, the positive perception of the 
students in relation to the application interface, the 
clarity of the instructions and the ease of use, 
reinforces the argument that usability is a 
determining factor in the effectiveness of 
technological tools in education (Criollo-C et al., 
2025). These elements, in contrast to the mental 
workload assessment of Build_3D, reflect not only a 
high satisfaction, but also a low extrinsic cognitive 
load, which facilitates learning and concentration on 
the contents (Criollo-C, Guerrero-Arias, Buenaño-
Fernández, et al., 2024). Consequently, build_3D acts 
not only as a technical tool, but also as a facilitator of 
the educational process, adapting to different 
learning styles. 

It should be noted that the results of this study 
have relevant practical implications for educational 
institutions seeking to modernize their training 
processes. The proposed model demonstrates that it 
is possible to offer quality practical experiences 
through virtual environments, overcoming the 
physical, logistical and economic limitations faced by 
a large part of technical education, especially in 
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developing countries. The Build_3D application 
represents, in this sense, a scalable and accessible 
solution that can be integrated into academic 
programs without requiring costly infrastructure or 
risks associated with the use of real hardware. 

Finally, it is important to note that the rapid 
technological evolution means that tools such as 
Build_3D must be kept up to date and adaptable to 
new versions of devices and platforms. This 
represents a technical and financial challenge for 
educational institutions, but also an opportunity to 
continuously innovate in the way teaching and 
learning takes place. The use of MR, as evidenced in 
this study, not only improves quantifiable learning 
indicators, but also motivates students, encourages 
their autonomy and awakens their interest in 
technology. 

4.2. Objective 2 

Another valuable aspect of the study was the 
incorporation of a qualitative perspective through 
semi-structured interviews with teachers who are 
experts in educational technology. These interviews 
provided a better understanding of the perceived 
barriers and opportunities surrounding the use of 
MR in the classroom. Teachers agreed that lack of 
infrastructure, institutional resistance and associated 
costs are some of the main challenges to 
implementing these technologies on a massive scale. 
However, they also pointed out that MR has great 
potential to transform practical teaching, especially 
in contexts where physical resources are scarce or 
non-existent. The consensus among the teachers 
interviewed supports the viability of the proposed 
model and suggests that, with proper planning, its 
implementation could be extended to various areas 
of technical and vocational education. 

Among the challenges most pointed out by 
teachers is the lack of specialized training, both in the 
use of MR devices and in the design of pedagogical 
activities that take advantage of their potential. Most 
of those interviewed agreed that, although 
technological resources such as Meta Quest 3 are 
becoming increasingly accessible, lack of knowledge 
of how they work limits their effective incorporation 
into the classroom. This finding is consistent with 
previous studies that point out that the introduction 
of new educational technologies requires not only 
investment in equipment, but also continuous 
teacher training (Albeedan et al., 2023). 

Another important obstacle identified was the 
limited technological infrastructure in many higher 
education institutions. Despite the interest in 
adopting MR tools, several professors indicated that 

their centres do not have the connectivity, technical 
support or resources needed to integrate this type of 
solution in a stable manner. This limits their use to 
pilot projects or specific subjects, making their 
institutional scalability difficult. 

From the pedagogical point of view, some 
teachers expressed concern about the distraction and 
visual fatigue that can be generated by the prolonged 
use of immersive viewers, especially in students who 
are not accustomed to these technologies. Although 
the immersive experience was positively valued, the 
need to regulate exposure times and complement 
these activities with traditional or hybrid 
methodologies to avoid cognitive overload was also 
mentioned. 

At the institutional level, there was evidence of 
resistance to change in certain educational 
environments, due to cultural factors, lack of 
innovation policies or lack of awareness of the 
potential of MR. Several teachers pointed out that, 
although there are individual initiatives on the part 
of some teachers, they do not always have 
institutional support or recognition in the teacher 
evaluation systems. This hinders the sustainability of 
technological experiences, since they are not aligned 
with the organizational structure or with traditional 
academic incentives. 

A limitation in curriculum design was also 
identified, since many technical assignments do not 
explicitly contemplate the use of immersive 
technologies within their competencies or learning 
outcomes. Consequently, teachers who wish to 
incorporate MR must do extracurricular or by 
adapting content without formal guidance, which 
can lead to inconsistencies in evaluation and thematic 
coverage. 

Despite these challenges, most of the teachers 
interviewed showed a favourable attitude towards 
the use of MR in education and considered that, with 
the right conditions, these tools could transform the 
way in which practical and complex concepts are 
taught. Particularly valued was the ability of 
Build_3D to provide an autonomous, safe and 
realistic hardware assembly experience, especially 
useful in contexts with limited access to physical 
laboratories. 

The challenges identified do not focus exclusively 
on the technology itself, but on the institutional, 
educational and pedagogical ecosystems that 
surround it. The implementation of MR as an 
educational tool requires a systemic vision that 
combines infrastructure, teacher training, innovation 
policies and curriculum redesign. If these factors are 
addressed in a comprehensive manner, the use of 
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applications such as Build_3D can evolve from a one-
time solution to a transformative strategy in technical 
and higher education. 

4.3. Engagement And Motivation  

This study emerges from a strong commitment to 
fostering educational innovation in contexts where 
the practical teaching of PC and smartphone 
hardware is restricted by limited access to physical 
laboratories and real equipment. As educators and 
researchers, we take on the responsibility of seeking 
alternatives that can overcome these barriers, 
ensuring that students acquire the technical skills 
essential for their professional development. Our 
main motivation lies in providing immersive, 
interactive, and meaningful learning experiences that 
not only enhance academic performance but also 
increase student engagement and satisfaction. The 
implementation of Mixed Reality with the Meta 
Quest 3 headset represents an opportunity to 
transform technical education, promoting equity in 
access to innovative tools while modernizing hands-
on teaching practices. This work reflects our 
commitment to the continuous improvement of 
educational quality in the digital age, reinforcing the 
importance of integrating advanced technologies 
into higher education. 

4.4. Practical Implications  

The findings of this study carry several practical 
implications for higher education institutions, 
instructors, and students. First, the integration of 
Mixed Reality (MR) into technical education 
provides a scalable and cost-effective alternative to 
traditional laboratory-based learning, especially in 
contexts where access to physical equipment is 
limited or expensive. By using MR applications such 
as Build_3D with the Meta Quest 3 headset, 
universities can significantly reduce dependency on 
costly hardware while still offering students 
authentic, hands-on learning experiences. 

For instructors, MR technologies open new 
pedagogical opportunities. They allow educators to 
design immersive and interactive lessons that 
enhance student motivation, engagement, and 
conceptual understanding. The immediate feedback 
provided by MR systems supports active learning 
and helps identify misconceptions in real time, 
thereby improving teaching effectiveness. 

From the student perspective, the use of MR 
fosters deeper technical comprehension, improved 
academic performance, and higher satisfaction with 
the learning process. Additionally, MR prepares 
learners to work with cutting-edge digital tools, 

aligning their training with the demands of modern 
industries. 

Finally, at an institutional level, adopting MR can 
strengthen innovation strategies, enhance the quality 
of education, and promote equitable access to 
advanced learning technologies, ultimately 
contributing to the digital transformation of higher 
education. 

5. CONCLUSIONS 

The results consistently indicate that the 
experimental groups (EG1 and EG2), which used the 
Build_3D app, obtained better results both in terms 
of test resolution time (lower average time) and 
number of correct answers (higher academic 
performance). Furthermore, the validation of the 
instrument by means of the KR20 test, and the 
statistical analyses (T, Z and ANOVA), support the 
methodological robustness of the findings obtained. 
This reinforces the hypothesis that the integration of 
immersive technologies such as augmented reality 
can enhance learning processes, facilitating the 
understanding of abstract content, especially in 
subjects that benefit from three-dimensional 
modelling. 

In this context, it has been demonstrated that the 
integration of MR technologies, specifically through 
the Build_3D application and the Meta Quest 3 
viewer, significantly improves the practical teaching 
of PC and smartphone hardware assembly in higher 
education.  

On the other hand, teacher interviews provided a 
valuable qualitative perspective, confirming the 
acceptance and potential of these tools, as well as 
pointing out institutional and technical challenges 
that need to be addressed for their wider adoption. 
Overall, the results suggest that the application of 
MR in educational settings is not only feasible, but 
also beneficial in overcoming the physical limitations 
of traditional laboratories, fostering active learning 
and strengthening the acquisition of technical skills. 
The proposed solution is scalable, accessible and 
aligned with the goals of sustainability in education 
by reducing dependence on physical material 
resources. 

Regarding the limitations of the study, it is 
recognized that the sample was selected for 
convenience and that the results, although 
statistically significant, are based on a population 
limited to a single institution. Therefore, future 
research could replicate this study with a larger and 
more diverse sample, including institutions from 
different geographical, socioeconomic and cultural 
contexts, to validate the generalizability of the 
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findings. It is also suggested to investigate the long-
term impact of MR on knowledge retention and the 
development of practical skills, as well as to explore 
its application in other areas of technical and 
scientific training. 

6. FUTURE WORK 

Based on the findings of this research, several 
lines of future work are identified that can strengthen 
and expand the impact of the use of MR as a support 
in education, for example, it is recommended to 
conduct research that analyses the medium and long-
term impact of the use of MR in knowledge retention 
and the development of practical skills. A post-
course follow-up would identify whether the 
learning achieved through Build_3D is sustained 
over time and whether it influences future academic 
performance or professional environments. 

The implemented methodology can be adapted to 
other areas of technological and scientific training, 
such as computer networks, electronics, industrial 
maintenance or even medicine. The development of 
new educational applications based on MR would 
make it possible to evaluate the versatility of this 
technology in different contexts. 

To improve the generalizability of the results, it is 

proposed to replicate the study in different 
educational institutions, including universities in 
different regions, socio-economic levels and 
pedagogical models. This would make it possible to 
identify contextual factors that may influence the 
effectiveness of the MR. 

The design of MR experiences should consider 
usability and accessibility criteria for students with 
different levels of technological experience or special 
needs. The development of adapted versions of 
Build_3D for different audiences is proposed as a line 
of work. 

Future research should systematically analyze the 
technical hardware requirements that can influence 
the learning experience, such as processing power, 
graphics performance, available memory, and the 
need for proper spatial calibration. Likewise, the 
physical conditions of educational spaces need to be 
considered, as MR requires safe movement areas and 
stable connectivity for optimal performance. 

Another essential aspect is the cost of the device 
and its maintenance. MR headsets, such as the 
MetaQuest 3, entail a considerable initial investment, 
as well as recurring expenses for licenses, updates, 
wear and tear, and technical support. These factors 
can represent a barrier to widespread adoption, 
especially in institutions with limited resources. 
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