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ABSTRACT Currently, students face difficulties in understanding and assembling desktop computer
hardware. Traditional teaching, which relies on theoretical classes and manuals, does not provide sufficient
interactive or practical experience, hindering the comprehension and retention of knowledge. Understanding
hardware is fundamental for computer science and related fields students, as it is the basis for building
and maintaining computer systems. The lack of practical knowledge in this area can result in inadequate
training, limiting students’ abilities to apply theoretical concepts in real-world situations, which can affect
their academic performance and job market readiness. There have been initiatives that included the use of
printed manuals, video tutorials, and software simulations to teach hardware. However, these methods failed
to engage students sufficiently or provide a practical and realistic learning experience. These methods can
become boring and disconnected from the practical experience necessary for properly assembling computer
hardware. The proposed solution is the use of an augmented reality (AR) mobile application to create
an interactive and practical learning experience. The application called Build_PC was designed, and it
allows students to visualize and manipulate hardware components in a virtual environment superimposed
on the real world, allowing practical learning of computer assembly and operation. The main results of
the research, which used volunteer students associated with control and experimental groups, show that
the use of Build_PC significantly improved the understanding and retention of knowledge about computer
hardware. Students who used the application demonstrated a greater ability to understand the operation
of hardware components compared to those who used traditional methods. In addition, students reported
greater motivation and satisfaction with the learning process. Implementing a AR-powered application in
hardware education has several important implications. Firstly, it provides an effective tool to enhance
understanding and knowledge retention, which can lead to better academic and professional preparation
for students. Furthermore, it can serve as a model for integrating emerging technologies in other educational
areas, enhancing practical teaching and interactive learning. It also highlights the need to invest in innovative
educational technologies to keep up with job market demands and student expectations.
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authentic learning.

I. INTRODUCTION

Educational institutions have increasingly encountered chal-
lenges in the teaching process across all educational levels,
attributed to factors such as a lack of motivation, com-
mitment, concentration, interest, attention, and confidence,
along with emerging economic, social, political, and cultural
barriers [1], [2]. These issues significantly impact students’
personal, academic, and professional development, poten-
tially leading to problems such as educational inequality, poor
adaptation to the labor market, and difficulties in problem-
solving [3], [4], [5]. As such, it is crucial for educational
models to evolve in response to the changing needs and
expectations of students and society [6]. In this context,
digital technologies have emerged as vital tools in enhanc-
ing, transforming, and innovating educational models. They
offer equitable access to high-quality educational resources,
enable personalized learning, foster collaboration, and sup-
port interactive and motivational learning experiences while
developing essential 21st-century skills [7]. Mobile Aug-
mented Reality (MAR) has gained particular attention in
various domains, including higher education [7], [8], [9].
This cutting-edge technology merges physical and digital
worlds to present novel and enhanced methods of teaching
and learning [5]. By creating immersive experiences, MAR
allows students to interact with knowledge in ways that
facilitate a deeper understanding of complex and abstract
concepts [10], [11], [12]. MAR leverages a mobile device’s
camera and sensors to detect the environment and track
the device’s position and orientation in real time [13].
overlaying graphics, images, or digital information on the
device’s screen to create a seamless blend of real and virtual
worlds [14]. Notable applications of MAR include educa-
tional games [15], navigation aids for urban exploration or
tourism [16]. and various interactive learning experiences.
For instance, students can engage with 3D models of bio-
logical, geographical, or physical objects within their real
environment [17], [18], [19], [20]. Furthermore, MAR has
been effectively utilized in fields such as medicine [21],
[22], mathematics [23], languages [24], music [25], art [26],
architecture [27], telecommunications [28].

This research investigates the impact of MAR on higher
education, specifically evaluating whether its use can enhance
students’ assessment scores and academic performance.
The study analyzed MAR through a mobile application
named Build_PC as a support tool in engineering edu-
cation. Participants, comprising volunteer students from a
private university, were divided into experimental and control
groups. Results indicated that the experimental group, using
MAR, achieved higher scores in a shorter time compared
to the control group, demonstrating the potential of MAR
technology to positively influence engineering education
outcomes.
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The following sections of this paper are organized as fol-
lows: Section II reviews the application of MAR technology
in education. Section III details the research methodol-
ogy employed. Section IV presents the research findings.
Section V discusses these results in depth. Section VI outlines
the study’s conclusions, and Section VII suggests directions
for future research.

Il. MOBILE AUGMENTED REALITY

Nowadays, with the development of digital technologies,
especially with the development of MAR, it is possible to
observe and interact with virtual objects that are visible in a
real-world environment [29], [30]. MAR-based applications
have been developed for multiple areas such as medicine,
electronics, tourism, telecommunications, interior design,
entertainment, education, among others [30], [31], [32], [33].
MAR can be used to visualize the interior design of a physical
space with an overlay of virtual elements, helping to visualize
and personalize a space before making significant changes or
purchases [34].

MAR-based applications are usually classified by how they
display augmented content on mobile device screens. These
are:

« Marker-based AR: This type of AR uses specific pat-
terns or images that the device’s camera recognizes to
overlay virtual content on the real environment. Markers
are usually QR codes or geometric patterns that the
application can easily identify [35].

o Markerless AR: This AR does not require specific
patterns to function. It uses sensors like GPS, com-
passes, accelerometers, and gyroscopes to determine the
device’s location and orientation, allowing virtual con-
tent to be overlaid on the real environment anywhere.
A common example is location-based AR, such as that
used in applications like Pokémon GO [35].

o Geographic AR: This is an extension of markerless AR,
also known as location-based augmented reality. It is
a type of technology that uses the user’s geographical
position to overlay digital information onto the real
environment. This type of AR does not require physi-
cal markers but employs sensors and technologies such
as GPS, compasses, accelerometers, and gyroscopes to
determine the location and orientation of the mobile
device. This technology is used in travel guide applica-
tions and maps [35].

Mobile Augmented Reality in Education: In recent
years, information technologies have complemented the
traditional educational model, offering new learning oppor-
tunities through educational games and interactive visual-
izations [36]. For this reason, with the help of MAR-based
applications, the educational model can be improved and
offer new dynamic and interactive approaches to teaching
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and learning [37]. MAR has the potential to transform edu-
cation by offering immersive and contextualized learning
experiences [26]. This technology allows the visualization of
abstract concepts, facilitating their understanding by visualiz-
ing them interactively and 3D [38]. It also enables educational
experiences by visualizing experiments through the over-
lay of virtual elements in a physical environment [39].
MAR allows personalized learning and can improve students’
understanding, motivation, and performance by making it
more interesting and entertaining [37], [40].

This technology is increasingly used in education at all
levels, from early childhood education to undergraduate stud-
ies [17], [41]. In early childhood education, MAR is used
to introduce basic concepts interactively and funnily [42].
For example, MAR applications can show 3D animations of
letters, numbers, shapes, and colors, helping children learn
visually and manipulatively [43], [44]. In primary education,
AR can be used to bring abstract concepts to life. For exam-
ple, alesson on the solar system can include an AR experience
where students can see and manipulate 3D models of the
planets in the classroom [45], [46]. In secondary education,
AR can be used to explore more complex topics visually and
practically. For example, in a biology class, students could use
an AR application to see 3D models of cells and microscopic
organisms [18].

In higher education, MAR is used in various ways to enrich
the educational experience and improve student learning.
Here are some examples:

o In the medical field, MAR facilitates the interactive
study of human anatomy, neuroanatomy, neurosurgery,
biology, the nervous system, physiotherapy, among oth-
ers, allowing practical and visual learning safely [18],
[21], [22], [47].

« In exact sciences, MAR is used for the practical teach-
ing of abstract phenomena such as electromagnetism,
waves, fission, particle structure, among others [20],
[21], [28]. Additionally, educational applications with
MAR have been developed, which are used to visual-
ize 3D geometric objects and calculate area, volume,
lengths, etc. [17].

« In social sciences, MAR has been used to improve the
language learning environment as a second language,
encouraging students to better connect with others,
express opinions, share ideas, and construct mean-
ings [48], [49]. Furthermore, this technology has facili-
tated the teaching of liberal arts like music and cultural
competence in controlled study environments outside
the traditional classroom with positive results [25], [26].

For computer science, hardware and software, program-
ming languages, among others, initiatives have used virtual
reality (VR) instead of MAR technology. Immersive technol-
ogy is used due to better visualization and interaction with
3D objects [50], [51], [52], [53]. Although immersive tech-
nology has been explored for teaching computer science,
software, and programming languages, the use of MAR
for hands-on learning of computer hardware has not been
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extensively documented. This research fills this gap, pro-
viding an innovative educational solution that uses MAR
to allow students to virtually interact with hardware com-
ponents, which is safer and more cost-effective than using
actual physical hardware in the initial stages of learning.
Build_PC introduces new forms of interaction that have
not been widely explored in previous studies. For exam-
ple, it allows students to virtually disassemble and assemble
hardware components and perform diagnostic and trou-
bleshooting practices. This level of interactivity is a novelty in
computer hardware teaching and provides a more immersive
and hands-on learning experience. In addition, a detailed
analysis of the impact of using Build_PC on student learning
is included, showing significant improvements in under-
standing of hardware concepts, and practical skills. These
results highlight the effectiveness of this solution com-
pared to traditional teaching methods and other educational
technologies.

Ill. METODOLOGY

Unlike other similar initiatives in the current literature, this
research did not focus solely on the application’s design and
usability aspects but also on evaluating the results of using
Build_PC in a case study. This research aims to identify
whether using a MAR technology application can influ-
ence students’ academic performance. Statistical techniques
measuring variances obtained in an evaluation instrument
(knowledge test) applied to an experimental group and a
control group were used. The research results will provide
data that will lead to new knowledge about the influence of
digital technologies on personalized learning.

The research design is represented in Figure 1. Here you
can see the different stages of the analysis of the use of MAR
in the different groups of students. This chart shows a clear
structure of the experimental methodology used to evaluate
the impact of mobile augmented reality on PC hardware
education, ensuring a balanced comparison between teaching
methods and considering gender variables.

A. MOBILE AUGMENTED REALITY APPLICATION DESIGN
1) DESIGN PROCESS
« Identification. Initially, the main components of a desk-

top computer and their respective functions were iden-
tified. Subsequently, the capabilities of mobile devices
with the Android Operating System (OS) were investi-
gated to determine the tools and Software Development
Kits (SDKSs) suitable for developing the educational
application. Finally, frameworks and libraries used in
Unity for developing mobile AR applications were clas-
sified. These libraries needed to facilitate the tracking
of a 2D physical model and map the desktop computer
model to the real world through the mobile device’s
camera. The chosen framework was Vuforia, a licensed
system that provides AR capabilities without consuming
excessive resources.
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Experimental,Methodology

Mabile Augmented Reality Application

Group 1

Experimental Group Control Group

Traditional Learning

Mobile Augmented Reality Application

Group 2

Gontrol Group Experimental Group

/_ Analysis of Variance __\ / Analysis of Variance _\
Results Results Results Results
Discusions and Conclusions
FIGURE 1. Structure of experimental methodology.
TABLE 1. Development platforms used.
Development platforms Features

Unity

Visual Studio 2022

Unity is a video game development platform that has different versions of long-term support (LTS). Also,
it can be defined as a game engine that provides a complete environment for the development of 2D and 3D
video games, as well as mixed reality (XR). The developed games can be exported for use in different
devices such as, desktop computer, laptop, console, smartphone, tablet, Oculus, among others.

Visual Studio is an integrated development environment (IDE) produced by Microsoft. This software is used
to write, debug, and compile programming code. It includes a package that can be installed to connect to

Unity and debug code while running the application.

o Optimization. For the computer model, a free asset
downloaded from the internet was used, which was
later optimized for seamless use on mobile devices. The
open-source tool Blender was utilized for this purpose.

« Interface Design. The number of interfaces to be dis-
played to users was defined, including the settings menu
and the information window for the desktop computer
components. Subsequently, the positioning and style of
elements in each interface were designed, including text
placement, color, size, and font type.

o User Interaction Design. Several interaction possibilities
were defined, such as using cursors, interacting through
the camera with hand gestures, among others. Ulti-
mately, a raycasting system was chosen to allow users to
tap on a component on the screen, with the application
responsible for mapping that point and component to the
exact location within the computer case.

2) DESIGN ELEMENTS

The development of the marker-based AR application called
Build_PC was carried out using Unity 2022.3.17f1 LTS
together with Visual Studio 2022 Community Edition. These
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are commonly used tools in the development of augmented
reality video games. The features of these platforms are
explained in Table 1. The following libraries were used for
the application development:
o Unity: UnityEngine / UnityEngine.UI: for connecting
and using Unity engine’s internal functions.
o UnityEngine.InputSystem: for user interaction with the
application and UI.
« Vuforia: to use the phone’s camera and have a model to

track the PC.
In the development of an application, which is going to

be used as support in education, it is essential to clearly
and precisely establish the requirements and needs that are
intended to be addressed [54], [55]. These elements will
guide the creative process, ensuring that the application is
effective in meeting its educational objectives [54]. Like-
wise, the design must ensure that the application motivates
users and encourages them to use it [56], [57]. Therefore,
it should have a user-friendly interface, be simple, coherent,
and intuitive, avoiding redundancy and offering interactive
navigation [54], [55], [58], [59]. In this case, the requirements
were identified in a previous study [60], [61], and are listed
in Table 2.
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TABLE 2. General requirements for the design of MAR applications [60], [61].

Requirements

Features

Simple and easy to use

Consistent interfaces
Nice design

Feedback
Multimedia content
Intuition

Motivation
Navigability

Lightweight

Allow extensibility

Ease of testing and
maintenance

Provide ease in the game, the user should not get caught in the links of the different sections

Use known functionalities that resemble computer menus

Generate satisfaction, enthusiasm, and fun by using the different controls in the activities carried out by the
application

Provide an understanding of mistakes made to improve task interpretation
Generate use intent by creating multimedia interfaces that attract the user's attention
Avoid user disorientation due to total number of interactions

Motivate the user with kind messages while progressing through the game

Follow the user interface design principles established by the platform on which the mobile application was
developed

The application must allow its execution on devices with limited processing and storage capacity, although this
results in loss of performance

The sensors of a device are different depending on the hardware used by the manufacturers. With the wide variety
of methods for obtaining information, the designed application must be open to new ways of accessing the
Sensors.

Consistency in components should facilitate the development of unit tests and maintenance of the application.

TABLE 3. Iterations required for the construction of the MAR application.

Iteration number

Definition Priority (1 -10) Iteration duration

(WEEK)

1 Create components. 10 1

2 Create interaction. 10 1

3 Optimize models. 6 2

4 Create tracking model. 9 1

5 Create Ul elements. 8 1

6 Create block order verification. 6 1

7 Create option not to use tracking. 9 2

8 Add component information. 9 1

9 Create saving system. 7 2

10 Create object thumbnails for the information screen 5 1

Total duration of mobile application development 13 weeks
Additionally, due to the specific design and usability, o Friendly Environment: The user should perceive an
Build_PC has the following functionalities: environment where they can work and complete the
o Component Interaction: The user should be able to inter- proposed exercises without problems.

act with the PC components and interface freely, easily, The configuration of these activities was carried out within

and intuitively.

a set timeframe defined in Table 3. If problems arose, the

o Component Information: The user should be able team would briefly meet to resolve doubts and continue with

to obtain information about each component and its the project. The priority of each cycle was determined by the
function. project’s final objectives. At the end of each cycle, the work

o Component Order Verification: The user should receive done was reviewed, demonstrated, and adapted in a team
feedback when making an error. meeting to finalize Build_PC development. The following

o Visualization: The user should be able to see the PC are images of the designed application’s use. Figure 2 shows
components clearly and without confusion both inside how Build_PC places PC elements 3D on the mobile device.

and outside the case. Figure 3 shows a student using the Build_PC application.
VOLUME 12, 2024 139007
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FIGURE 3. Student using Build_PC.

These two figures illustrate how the Build_PC application
displays computer parts in a 3D format and how users can
interact with it.

3) BUILD_PC CONFIGURATIONS AND OPERATION

Figure 4 presents two flowcharts: the first outlines the
configurable options available within the mobile applica-
tion, and the second details the application’s functionality
and user interaction processes. Build_PC is designed to be
user-friendly and intuitive, reflecting the design principles
detailed in Table 2. This emphasis on simplicity and intuitive-
ness not only enhances the user experience and operational
efficiency but also promotes user adoption and has a positive
effect on the application’s intended use.

Additionally, the Build PC design incorporates a
language-switching feature. Users can choose to view inter-
face information in Spanish, English, Indonesian, or Arabic.
This multilingual capability enables Build_PC to cater to
a diverse audience, accommodating various linguistic pref-
erences. By supporting multiple languages, the application
enhances accessibility and inclusion, thereby broadening its
educational reach and impact. This feature ensures that users
from different linguistic backgrounds can effectively engage
with the application, further supporting its goal of providing
a comprehensive and user-centric educational tool.
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Moreover, the inclusion of a language change option
demonstrates a commitment to global usability and user
satisfaction, contributing to a more inclusive educational
experience. The design approach not only addresses imme-
diate user needs but also anticipates future demands for
expanded language support, thus aligning with best practices
in educational technology development.

B. PARTICIPANTS

A non-probability convenience sampling of 80 students
from a private university was used in this research. Each
student accepted an informed consent provided through a
web form. The students were classified into two groups
(1 and 2), and each group was further divided into control and
experimental groups corresponding to the level of acquired
knowledge. Group 1 has basic knowledge about PC hardware,
and Group 2 has advanced knowledge about PC hardware.
Each group of participants received an explanation of using
Build_PC and could ask questions after using the application.
Once their doubts were clarified, and they felt confident in
mastering the application, they performed the requested tasks.
The experimentation lasted approximately 20 minutes; after
completing the tasks, they were asked to choose a predefined
word that best described their perception of using Build_PC.

C. DEMOGRAPHIC INFORMATION

The total number of students was divided into two groups,
GR1 with 40 third-semester students and GR2 with 40 fifth-
semester students. Both groups, GR1 and GR2, are further
divided into two subgroups, one experimental and the other
control, as follows: GR1 (CG1 and EG1), and GR2 (CG2 and
EG?2). Of the total students (80), 24 were women (30%) and
56 men (70%). The participants’ age ranged between 18 and
20 years. Additionally, 70 of them had an Android OS mobile
device (90%), and the remaining 10% had an iOS device.
The students indicated that 55 of them, representing 68%,
had not previously used educational applications with MAR
technology, while 25 students, representing 32%, had. The
students with iOS devices used the BUILD_PC application
with Android OS mobile devices provided by the teacher.
Figure 5 shows the gender distribution, which is similar in
both groups, with an important male majority in both groups.
The average age is shown in Figure 6, which is very close in
both groups, with only a one-year difference. Figure 7 shows
a notable preference for Android in both groups, especially
in GR2. Additionally, most participants in both groups had
not previously used an educational application, as shown
in Figure 8, although GR2 has a slightly higher number of
previous users.

D. EXPERIMENTAL PROTOCOL

1) KNOWLEDGE TEST VALIDATION INSTRUMENT

The evaluation instrument was validated using the Kuder-
Richardson test (KR20) with a result of KR20 = 0.70
(acceptable between 0.70 and 0.90). Additionally, the time

VOLUME 12, 2024
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FIGURE 4. Build_PC settings and operation.

EGR1 GR2
29 27
1 13
Male Female

FIGURE 5. Participants by gender.

taken for each student to complete the knowledge test was
measured. The Kuder-Richardson (KR20) formula is used
to establish the reliability of a knowledge test based on
its averages and variances. For this, 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 evaluation variance [62].

2) TASK
To conduct the experimental procedure in the research, stu-
dents performed the following tasks:
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2 ( Start )

A 4

User clicks a PC
component

A 4

Show information about the
component

l

User clicks on the
"Place" button

l Yes

Place the component inside
the PC case

4

Finish )

19

18

GR1 GR2

FIGURE 6. Average age of participants.

« First: They must use a mobile device with Android OS
version 9.0 or higher, which can be a smartphone or
tablet.

o Second: They must install the Build_PC application on
their mobile devices; the teacher provided the installer
file to each student.

o Third: They must print the marker to use it with the
camera and visualize the content on the mobile device
screen, as shown in Figures 1 and 2.

o Fourth: They must take the knowledge test after the
class, both CG and EG.
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mGR1 ' GR2
90%
34%
Android IoS

FIGURE 7. Operating systems that participants use.

EGR1 " GR2 29
26

14
11

Yes No

FIGURE 8. Use of previous educational applications.

o Fifth: They must choose a word that describes the
Build_PC application.

3) CONTROL AND EXPERIMENTAL GROUP DESIGN

The two groups (GR1 and GR2) were divided into two sub-
groups each to carry out the proposed research analysis. The
experimental subgroups EG1 and EG2 received PC hardware
classes using two teaching methodologies, one traditional and
the other using the Build_PC application. The control sub-
groups CG1 and CG2 only received the traditional method.
Each subgroup comprises 20 students, as shown in Table 4.

TABLE 4. Number of students in each subgroup.

Groups GR1 GR 2 Total of students
Experimental Group 20 20 40
Control Group 20 20 40

4) TEACHING SCHEME

Two different teaching schemes were used in this research:
Traditional Teaching: This type of teaching was used with

the control group students CG1 and CG2. The teacher used

a traditional methodology through presentations, readings,

and knowledge tests, resulting in a method known to the

students.
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Teaching With Build_PC: This type of teaching was used
with the experimental group students EG1 and EG2. The
teacher used a mixed teaching methodology, traditional and
using the Build_PC application to reinforce PC hardware
knowledge.

5) DEFINITION OF VARIABLES
These variables define the structure of the experimental
methodology illustrated in the Figure 1, with the independent
variables being the teaching method and the knowledge level,
and the dependent variable being the evaluation results of the
students.

Independent Variables:

1. Teaching Method (TM):

« Traditional Teaching (TT)
« Mobile Teaching (MT)

2. Knowledge Level (KL)

o Initial Level (GR1)
o Intermediate Level (GR2)

Dependent Variables:
o Evaluation Results (R)

IV. RESULTS

A. USE OF BUILD_PC

Students in the experimental groups were asked to describe
the application using six predefined words, shown in Figure 9.
The results provide an interesting insight into students’
perceptions of Build_PC. The “Easy to use” characteris-
tic is the most notable in both groups, especially in GR2,
where it reaches nearly 8. It is followed by “motivating,”
another strong characteristic, especially in GR2, with approx-
imately 5 mentions. The “Friendly” characteristic is also
significantly higher in GR2 compared to GR1. Finally, the
characteristics “Entertaining,” ‘“Useful,” and “Intuitive”

---GR1(EG1) —GR2(EG2)
Friendly

8
Intuitive Easyto use

Entertaining Useful

Motivating

FIGURE 9. Description of Build_PC.
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have lower values in both groups, being slightly higher
in GR2.

B. EXPERIMENTAL AND CONTROL GROUPS

The two groups, EG and CG, completed a knowledge test
after the class, with their responses shown in Table 5. These
data will help identify whether using a MAR technology
application can improve academic performance. To measure
BUILD_PC'’s utility, hypotheses were generated to validate
the application’s effectiveness in the experimental group
compared to the control group. The hypotheses are as follows:

TABLE 5. Average score in the knowledge test of the subgroups.

EGI CG1 EG2 CG2
10 6 9 5
10 7 10 3
9 8 9 6
9 9 9 8
10 9 9 5
9 8 9 7
10 4 10 4
10 4 9 7
9 7 10 7
9 5 10 7
9 7 9 4
9 6 10 7
10 4 10 5
10 8 9 6
10 7 10 4
10 10 8 6
9 5 9 6
10 5 9 4
10 7 10 4
10 5 10 7

Hypothesis A (HA): There is no significant difference in
the average knowledge test score between the EG and CG.

Hypothesis B (HB): There is a significant difference in the
average knowledge test score between the EG and CG.

To test Hypotheses A and B, a Z-test was conducted
to evaluate the learning performance and Build_PC inter-
face of both the experimental and control groups. The test
was performed with a 95% confidence level, and the vari-
ances used were previously taken from a T-test assuming
different variances in both groups. The obtained variances
(EG =0.307; CG = 2.789) can be seen in Table 6. The Z-test
value for the EG and CG groups is shown in Table 7. Based
on the obtained Z values and the critical two-tailed value
(Z = 12.310 > critical two-tailed value = 1.959), HA is
rejected, and HB is accepted as true. It is concluded that using
a mobile application was determinant for the EG students to
achieve a higher average score compared to the CG students.

To further validate the results obtained with the T and Z
tests, an analysis of dependent (R) and independent variables
(TM and KL) was conducted, and new hypotheses were
proposed:
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TABLE 6. T-test for two samples assuming unequal variances.

T-Test EG CG
Mean 9.5 6.075
Variance 0.307 2.789
Observations 40 40
Hypothesized mean Difference 0
Degrees of Freedom 48
P(T<=t) Two-Tailed 1.846E-16
Critical T-Value (Two-Tailed) 2.010

TABLE 7. Z-test for the mean.

Z-Test EG CG
Media 9.5 6.075
Known Variance 0.307 2.789
Observations 40 40
Hypothesized Mean Difference 0
Z-Value 12.310
P(Z<=z) One-Tailed 0
Critical Z-Value (One-Tailed) 1.644
Critical Z-Value (Two-Tailed) 0
Mean 1.959

Hypothesis C (HC): There is a significant difference in the
scores of the four groups due to the teaching method used.

Hypothesis D (HD): There is no significant difference in
the scores of the four groups due to the teaching method used.

For this, an analysis of variance (ANOVA) was used, a sta-
tistical method that allows testing a null hypothesis where
the means of different populations coincide [63]. To accept
or reject the presented hypotheses (HC and HD), an analysis
with a 95% confidence level was performed for the four
groups (independent variable). These groups were evaluated
with a knowledge test to identify if the teaching methodol-
ogy (independent variable) contributed to the obtained result
(dependent variable). Tables 8 and 9 describe the sample size
and working groups.

TABLE 8. Dependent and independent variables and sample size.

Variable Sample Size
Independent Variables ™ & KL
Dependent Variable R
Sample Size 80

Table 10 shows the ANOVA of dependent and indepen-
dent variables with the groups defined in Table 9. It can
be observed that the probability of the four groups is p =
5.7762E-20; this value is lower than the confidence level with
which this test was conducted o = 0.05. Additionally, the
F-value = 55.52 is higher than the critical F-value = 2.724.
Therefore, HC is rejected, and HD is accepted.

These results show a statistically significant difference in
the groups due to the teaching method used and that using
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TABLE 9. Independent variables.

Variable Teaching Method Size
EG1 TT & MT 20
CGl TT 20
EG2 TT & MT 20
CG2 TT 20

TABLE 10. Analysis of variance (ANOVA).

Source of Variations Between Groups Within Total
Groups

Sum of Squares 244.037 111.35 3557'38

Degrees of Freedom 3 76 79

F 55.521179

Probability 4.12E-19

Critical F-Value 2.72494392

Build_PC had a directly proportional impact on the knowl-
edge test results in the experimental groups.

Figure 10 shows the average knowledge test scores of the
control and experimental groups of GR1 and GR2. It can be
observed that the experimental groups had a better average
score in their respective knowledge test, which could be due
to using the Build_PC application as support in regular edu-
cation. Figures 11 and 12 show the results of GR1 and GR2
evaluated by gender. The results are divided by control and
experimental groups. Figure 11 corresponds to the control
group, no significant differences are observed between men
and women in GR2, but in GR1, women have a higher score
than men. In Figure 12, it can be observed that both men and
women in the experimental group improved their scores.

cG =EG
9-6 9.4
6.55
5.6
GRI1 GR2

FIGURE 10. Average scores of the GR1 and GR2 knowledge test.

It can be concluded that these results are due to using
different teaching methodologies and using Build_PC as
a complement to education. Regarding the relationship
between gender and average, it cannot be concluded that one
gender is better than the other. The results respond to the low
number of participants in this research, especially the low
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FIGURE 11. Average scores of the CG knowledge test.
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FIGURE 12. Average scores of the EG knowledge test.

GR1 G

number of women in an engineering career. The number of
women in this research can affect the interpretation of the
results because if a few of them have a low score, it can sig-
nificantly impact the overall average. In Figure 13, the time
taken by GR1 students to answer the proposed knowledge
test is shown. The average time was significantly lower in the
experimental group (13.08 minutes) compared to the control
group (14.98 minutes).

The variability (standard deviation) of the times is simi-
lar between both groups (EG = 0.532; CG = 0.579). This
indicates a significant difference between the groups. These
results suggest that the intervention in the experimental group
using Build_PC, along with a teaching methodology, posi-
tively affected the speed with which students could complete
the knowledge test compared to the control group.

In Figure 14, the time taken by GR2 students to answer
the proposed knowledge test is shown. The average time was
significantly lower in the experimental group (12.87 minutes)
compared to the control group (14.88 minutes). The variabil-
ity (standard deviation) of the times was (EG = 0.792; CG =
0.872). This indicates that the experimental group’s times are
more consistent and tend to be lower than the control groups.
These results suggest that the intervention in the experimental
group using Build_PC, along with a teaching methodology,
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FIGURE 14. GR2 knowledge test resolution time.

positively affected the speed with which students could com-
plete the knowledge test compared to the control group.

V. DISCUSSION

A. PARTICIPANTS PERCEPTIONS

The analysis of student feedback provides valuable insights
into their demographics and how these may influence the
study’s results concerning the educational application.

Most students found Build_PC to be user-friendly, a crit-
ical factor for the acceptance of any educational tool. How-
ever, a discrepancy between the two groups was observed: in
EG1, only 5 students considered the application easy to use,
whereas in EG2, 8 students had a similar perception. This
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variation may suggest that individual or contextual factors,
such as prior familiarity with similar technologies, impact
how students perceive the application’s ease of use.

The term “Motivating” was the second most frequently
mentioned (8 times) by students, indicating that the appli-
cation not only facilitates ease of use but also enhances
student engagement with their learning. Terms like “Use-
ful,” “Entertaining,” and “Friendly”” were each mentioned
5 times, reflecting that students view the app as a benefi-
cial learning tool with an appealing and engaging interface.
Nonetheless, perceptions of the application’s usefulness var-
ied significantly between groups. In EG1, 4 students found
the application useful, while in EG2, only 1 student shared
this view. This disparity is concerning as perceived usefulness
is a major determinant of technological acceptance and usage
intention. The lower perceived usefulness in EG2 suggests
that the app may not align with the expectations or needs of
these students.

The term ““Intuitive” was mentioned 4 times, underscoring
that the app is generally perceived as user-friendly in terms
of usability and accessibility. However, both groups did not
find the application intuitive, which points to an area for
improvement. An application lacking intuitiveness can dis-
courage new users and hinder the effectiveness of achieving
their goals within the app.

Gender distribution between the groups was similar, indi-
cating that gender does not significantly affect perceptions or
responses. The preference for the Android OS was notably
higher in EG2, potentially affecting familiarity and comfort
with the platform. The average age of participants was com-
parable between groups, controlling for variables related to
age and technological experience. Most participants had no
prior experience with educational applications, which is sig-
nificant when considering the learning curve and perceived
usability of the new application.

B. ANALYSIS OF THE EXPERIMENTAL AND CONTROL
GROUP

In recent years, education has grappled with maintaining
student interest and motivation in a rapidly digitizing world.
Mobile Augmented Reality (MAR) technology presents a
promising solution by offering immersive and interactive
educational experiences. This technology has the potential
to transform student interaction with educational content,
thereby enhancing engagement and motivation.

The study aimed to evaluate the effectiveness of a MAR
application in teaching PC hardware by comparing an exper-
imental group (EG) that used the app with a control group
(CG) that employed traditional teaching methods. Statis-
tical tests, including the Z-test and Analysis of Variance
(ANOVA), were utilized to assess the impact of the teaching
method on student performance.

The Z-test revealed that the EG, which used the mobile AR
application, outperformed the CG significantly, indicating
that AR can be a potent tool for teaching PC hardware.
The interactive and 3D visualization features of AR likely
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facilitated better comprehension and retention of the material
for EG students.

ANOVA results further supported that the use of Build_PC
contributed to higher scores in the EG compared to the CG.
The traditional teaching methods used in the CG lacked
the interactive and visual advantages provided by Build_PC.
Conventional teaching methods tend to be less dynamic and
more dependent on memorization and theoretical understand-
ing, which can result in lower retention and comprehension.
Additionally, the absence of immediate and personalized
feedback can adversely affect learning accuracy.

In addition to evaluating the effectiveness of MAR tech-
nology in teaching PC hardware, the research assessed the
time taken by EG and CG students to complete a knowledge
test. The results indicated that EG students completed the test
significantly faster than CG students. This finding highlights
not only the application’s effectiveness but also its impact on
learning efficiency. The data demonstrated that EG students
using the mobile AR application were quicker in completing
the knowledge test compared to CG students using traditional
methods. This result suggests that AR enhances both under-
standing and retention of the material, while also improving
task completion efficiency.

VI. CONCLUSION

In this study, two groups were compared: an experimental
group (EG) that used the Build_PC application to learn about
computer hardware, and a control group (CG) that studied the
same topic through traditional methods without the applica-
tion. Both groups undertook a test designed to evaluate their
understanding of PC hardware, which included questions on
both theoretical concepts and practical knowledge.

The results revealed that the EG, which utilized the
Build_PC application, achieved a significantly higher aver-
age score compared to the CG. Additionally, the EG com-
pleted the test in a shorter average time. While the CG also
demonstrated a competent grasp of the topics, their average
score and the time taken to complete the test were notably
lower than those of the EG. This suggests that the Build_PC
application not only enhanced the understanding of the mate-
rial but also improved the efficiency with which students
completed their assessments.

Through a survey, it was validated that the Build_PC appli-
cation is perceived positively in terms of ease of use and
motivation, although there are critical areas like perceived
utility and intuition that need improvement. MAR technol-
ogy has proven effective not only for improving academic
performance but also for increasing learning efficiency. The
research highlights the importance of adapting technological
tools to the needs and expectations of students to maximize
their effectiveness and acceptance.

In the research, it was observed that using Build_PC as sup-
port for traditional education methods positively influenced
academic performance and understanding of one or more
topics, demonstrating that MAR technology is a potential tool
for education. These results show that this technology can be
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used to innovate traditional educational methodologies and
transform current education.

When designing an educational mobile application, the
customization of the design becomes a crucial component
for offering a truly personalized learning experience. The
construction of Build_PC seeks to adapt the content, inter-
face, and functionalities of the application to the individual
needs, skills, interests, and preferences of the students. Per-
sonalized design for personalized learning not only enhances
educational effectiveness but also makes the learning process
more engaging and meaningful for students. It is important
to consider the factors that motivate the use of digital tech-
nologies among new-generation students. Today’s students
are immersed in a digital environment and have high expecta-
tions for interaction and immediacy of educational resources.
Mobile applications that incorporate gamification elements,
interactive learning, and real-time feedback can better capture
the interest and motivation of these students, making learning
more engaging and effective.

Using an agile methodology in the design of Build_PC
allowed for more efficient, collaborative, and user-centered
development. Constant iteration, continuous communication,
and adaptability ensured that the application not only met
the project requirements but also precisely adjusted to the
students’ needs. This flexibility and quality focus allowed
Build_PC to be robust, functional, and satisfactory for use
as educational support.

Students with fewer economic possibilities will have older
mobile devices with lower performance, which may limit
their ability to use MAR technology applications requiring
higher performance. This disparity can lead to a less effective
learning experience for these students, as they may face tech-
nical difficulties, longer loading times, and a lower capacity
to interact with multimedia content or advanced features of
educational applications. It is important to work to mitigate
this gap through developing mobile applications that per-
form well on a wide range of devices, including older or
lower-performance mobile equipment. Additionally, collab-
oration or equipment loan programs could be implemented
in educational institutions to ensure all students have access
to the necessary technology for their learning.

VII. FUTURE WORK

Since intuition and ease-of-use perception present areas for
improvement, future work could focus on redesigning the
Build_PC application’s interface to make it more intuitive
and accessible. This could include additional usability test-
ing, implementing user feedback-based design, and using
user-centered design techniques. Additionally, longitudinal
studies should be conducted to evaluate the long-term impact
of using the application on academic performance, knowl-
edge retention, and student motivation. This could provide
a more comprehensive view of the application’s educational
value. Furthermore, the application’s efficiency and accep-
tance on different operating systems should be investigated
to ensure an optimal user experience across all platforms.
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Despite the positive results, the combination of AR appli-
cations with other traditional and digital teaching methods
should be explored to develop a hybrid learning approach.
This could help maximize the benefits of each method and
provide a more comprehensive learning experience.

These future work areas could not only improve the
Build_PC application but also contribute to the overall
knowledge about using technologies in education, providing
valuable guidelines for other researchers, teachers, and edu-
cational institutions.
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