friried applied
b sciences

Article

Towards a New Learning Experience through a Mobile
Application with Augmented Reality in Engineering Education

Santiago Criollo-C 1'*{%, David Abad-Vasquez !, Marjan Martic-Nieto 1, Fausto Andrés Velasquez-G 107,

Jorge-Luis Pérez-Medina !

check for

updates
Citation: Criollo-C,S.;
Abad-Vésquez, D.; Martic-Nieto, M.;
Velédsquez-G, FA.; Pérez-Medina,
J.-L.; Lujan-Mora, S. Towards a New
Learning Experience through a
Mobile Application with Augmented
Reality in Engineering Education.
Appl. Sci. 2021, 11,4921, https://
doi.org/10.3390/app11114921

Academic Editor:

Carlos Alario-Hoyos

Received: 30 March 2021
Accepted: 24 May 2021
Published: 27 May 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Sergio Lujan-Mora 2

Escuela de Ingenieria en Tecnologias de la Informacién, FICA, Universidad de Las Américas,

Quito 170125, Ecuador; david.abad@udla.edu.ec (D.A.-V.); marjan.martic@udla.edu.ec (M.M.-N.);
fausto.velasquez@udla.edu.ec (FA.V.-G.); jorge.perez.medina@udla.edu.ec (J.-L.P.-M.)

Departamento de Lenguajes y Sistemas Informaticos, Universidad de Alicante, 03690 Alicante, Spain;
sergio.lujan@ua.es

*  Correspondence: luis.criollo@udla.edu.ec; Tel.: +593-98-471-1052

Abstract: With the rise of information technology and digitization, education has been faced with the
need to adopt new learning models using technology to create innovative educational methodologies.
In addition, due to pandemic restrictions and in order to help contain the spread of the virus (COVID-
19), all educational institutions have been forced to switch immediately to online education. The
application of augmented reality (AR) in education provides important benefits, such as increased
engagement and interactivity, and can help to minimize the negative effects of the disruption of
face-to-face education. Therefore, this paper focuses on describing the effect of an augmented
reality mobile application (NetAR) that was developed for engineering students as a complement
to traditional education. To achieve this objective, an experimental group and a control group were
established to work with the application for three weeks for three hours a day. Moreover, there
are a number of usability issues with AR that may impact learning effectiveness and motivation.
Therefore, the usability of the application was evaluated with the IBM Computer System Usability
Questionnaire (CSUQ) tool. The usability results show that users are satisfied with NetAR, and the
statistical data from the control group indicate that the application positively affects learning.

Keywords: mobile applications; augmented reality; education; mobile learning; m-learning; innova-
tive learning; learning models; usability

1. Introduction

Currently, the development of technology and the computational capacity of devices
has allowed the creation of innovative technological tools such as augmented reality (AR)
and virtual reality (VR) [1]. AR is a concept that has been developing since the beginning of
the 1900s and is defined as the superimposition of virtual elements in a real environment [2].
AR systems superimpose on the real world other meaningful 3D virtual elements so that the
user can interact with them [3]. When using AR, one never loses contact with the real world
and, at the same time, one can interact with all the overlapped virtual information [4,5].

In recent years, there has been a proliferation of information technologies, which con-
tribute to society’s efficient use of natural resources, ensuring more sustainable lifestyles
and educational models [6]. Current learning processes should be supported by these
educational models, which should promote the delivery of digitized educational infor-
mation [7]. AR together with mobile learning can be the answer to this new educational
model and, due to its characteristics, can facilitate understanding of educational content
and increase students” motivation and interest [8].

This technology has three main characteristics: it combines the real and the virtual, it
interacts in real time, and it can be executed in three dimensions [9]. AR has been used in a
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range of fields such as: medicine [10,11], military training [12], aviation [3], telerobotics [13],
robotics [11], entertainment [14], and education [4,9,15].

In the educational area, AR is gaining a lot of interest from educational institutions and
teachers due to its diversity of applications for different levels of education and subjects [16].
The versatility with which this technology is being developed has allowed the proliferation
of applications for various educational areas such as mathematics, mechanics, physics and
urban planning, among many others [9].

AR is a technological tool with an incredible didactic potential that allows the design
of innovative educational environments [17]. This enables students to access educational
experiences in an innovative way, allowing them to improve their understanding and
reflect on their learning [18]. This technological tool has proven to be effective in education,
as it strengthens learning, making it more interactive and dynamic [19,20]. In addition, it
has been shown that using AR within an educational environment is highly effective in
improving student learning [4,18]. In higher education, AR helps students improve their
skills and knowledge in subjects such as electrical theory, agronomy, chemistry, biology,
geometry, and technological topics [21-23].

Due to all the features that AR technology offers, it is important to investigate how
mobile devices are being used for innovation in higher education through using AR appli-
cations. Therefore, this work, through the design of a mobile application (NetAR), aims to
explore the effect that an AR application has on engineering students. This application was
developed to be used as a complement to traditional education in the area of data networks,
with two main topics, ISO/OSI (International Standardization Organization/Open System
Interconnection) model and static information routing. By using NetAR, students can
interact and observe 3D elements directly on their mobile devices, which can result in a
better understanding of the topics covered. In addition, mobile devices are encouraged
as a way to involve and engage students in their learning. However, there are usability
issues that may impact learning effectiveness and motivation. For example, phone size
and interaction techniques are perhaps two major limiting factors in mobile phone-based
AR [24]. Due to this, a usability analysis of the application was performed using the IBM
Computer System Usability Questionnaire (CSUQ) tool.

The rest of the paper is organized as follows: Section 2 indicates a background of
augmented reality, Section 3 presents the use of AR together with mobile devices for
education, Section 4 describes the design of the mobile application, Section 5 shows the
methodology applied in our research, Section 6 presents the discussion of the findings, and
Section 7 provides conclusions and future work.

2. Background of Augmented Reality

Education is one of the foundations of modern society and aims to prepare students to
become integral members of a society that today is increasingly committed to technological
development [25]. One of the technologies that has grown the most in recent years is
AR, which consists of presenting the user with additional information in 3D that can
be visualized using their mobile devices [25]. There are several initiatives related to AR
and mobile learning which have focused on developing innovative teaching and learning
methodologies for multiple disciplines and educational levels [22,26,27].

The new generation of students (digital natives) have different skills and aptitudes,
which make them more attuned to technology compared to previous generations [28]. It is
for this reason that this generation requires their educational institutions and teachers to
implement and adapt new tools and technologies in the learning process [29]. There are a
range of technological tools that can create an intelligent learning environment, one of these
being AR [15]. This technology allows adapting educational content focused on students
with the aim of improving their practical skills, emphasizing that theoretical knowledge
is the basis, but skills developed in the practical environment are always necessary [5].
AR allows students to create an environment where learning can be driven towards in-
telligent education based on information technologies, which help to change educational
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paradigms [25]. There are some initiatives that show significant and determinant results
on the efficiency of student learning that are related to AR technologies (30% faster student
activity and teamwork, 50% better understanding of information, and 50% easier exchange
of complex information) [21,30].

In addition, there is a standard for augmented reality learning experience models
(ARLEM). The standard was developed with the help of a reference implementation,
MIRAGE XR, to demonstrate how real-life training applications can be created and edited
using an augmented reality editor for learning experiences [31]. This defines a general
integrated conceptual model that describes the interactions between the physical world,
the user, and digital information and context for AR-assisted learning [32]. The purpose of
this standard is to support the discovery, retrieval, transfer, and execution of AR-enabled
learning content, thereby facilitating the creation of educational repositories [31].

AR is used in a wide variety of fields, from entertainment to education [30]. Many
of the studies have opted for mobile applications due to the portability and ubiquity that
mobile devices offer [27,33-36]. One of the limitations in the use of mobile applications has
been the technological advances at the beginning of the 2010s, since using a smartphone
with AR was not as easy and other less portable options were chosen [27]. Currently, these
limitations are almost nonexistent, as new information technologies and mobile devices
are much more affordable and facilitate the development of AR applications [6].

Currently, there are several initiatives using AR to generate an innovative educational
approach in higher education [37,38]. For example, Wang [39] uses a combination of AR and
maps to support geography field education at Beijing University. Harun et al. [37] analyzes
the impact on learning in students learning specific topics in the field of applied physics
with the use of AR. Sharmin and Chow [40] realized a mobile application using AR to
support teaching dental students in an oral biology course. This app will support students
in learning independently and will allow them to self-assess at their own convenience. The
construction industry has also benefited from AR technology; here, Vasilevski et al. [41]
and Kim and Irizarry [42] use mobile applications with AR, as it allows users to see the
real world with an addition of external information and can influence students’ learning
satisfaction in spatial skills. In addition, AR is used for language learning [43], postal
networks [44], books, science and technologies [45], chemistry [38], and interior design [46].

Today, the bring your own devices (BYOD) philosophy is more widely used in the
educational field, being applied in an educational context in which students use their
personal devices in their learning activities [47]. Mixing the potential of AR with the
features provided by mobile learning results in a powerful tool to boost autonomous and
mobile learning [30]. Although AR is considered a gamification tool, by using it as an
educational supplement, interactive environments can be created for students, motivating
them to participate in education [9,30].

Motivation is considered to be a student’s desire to participate in an educational
environment and engage in learning [26]. As part of an increasingly technological society,
interaction with the real world is relevant to the learning process [27]. AR is an optimal tool
to generate an engaging learning environment and can be used as an educational alternative
with which the student can experience the innovative educational environment [25]. The
traditional educational methodology was based on acquiring new knowledge by reading
books and listening to lectures from teachers, whereas AR presents a new learning approach
that suggests that it is easier for students to learn concepts through visual stimulation that
can be interacted with [9].

3. Mobile Devices and Augmented Reality in Education

In distance learning environments, it has been possible to notice several deficits in the
used education model, especially in practical subjects [5,48]. One of the biggest problems is
the lack of teacher and student communication, the difficulty of the teacher in solving indi-
vidual student problems, and the loss of interest in the classes [48]. To solve these problems,
teachers must look for new tools and innovative methodologies to improve the distance
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learning experience [49]. It is important to emphasize that information technologies are
increasingly being used in education, and AR together with mobile devices are two of the
technologies that have produced the most innovations in this educational field [20,30,50].
In addition, the use of mobile devices has increased considerably; approximately half of
the students use them to investigate in greater detail the topics covered in class and to
obtain additional information about them [51]. Mobile devices are widely used due to
their features and benefits such as having information at the user’s fingertips, use of online
educational material, high portability, universality, and ubiquity [35,52]. Today, almost
everyone has at least one mobile device, and 74.43% of these have an Android operating
system [53]. Because of this, the development of learning applications that seeks to cover
the widest possible audience focuses on Android devices. In addition, a study conducted
in 2017 [19] indicates that the preferred devices for the use of AR technologies are mobile
devices, due to their ease of use, portability, and cost, compared to laptops or desktop
computers. However, there are other items such as smart glasses that are also being widely
used for AR applications [20].

There are several examples of initiatives using AR and mobile devices in education.
One of these is a mobile application that allows learning calculus through spatial visual-
ization of 3D objects [23], as can be seen been in Figure 1. This application works through
an interactive menu that shows mathematical functions, a video of extra information, and
the 3D graph of the function. There are also mobile applications using AR in the field of
anatomy, which are capable of recognizing bones and muscles to provide the user with
interactivity and better learning [54]. On the other hand, a technique currently used with
mobile AR applications is interactive books, which are based on the presentation of 3D
objects with AR technology when viewing the pages of the book [55].

MISUALIZA,
ALcuLA:

_Dbiscos

Figure 1. AR app interface and its elements (reproduced with permission from ref [23], 2015 Elsevier).

Cisco’s networking academy program has integrated a blended learning model (AR
and VR) effectively to prepare its learners for network security positions using online
learning courses and e-learning platforms [56]. Tranter, technology presenter at Cisco
and author of “Virtual and Augmented Reality in Education” [17], mentions that, being
immersed in a highly visual society, the more you can engage learners with visual stimuli,
the more likely they are to consume and retain that information. For this reason, it is stated
that an AR tool will help both teachers and students to have a much friendlier and more
didactic study environment.

It is also important to identify the effects of technology integration in educational
environments and how they can maximize and enhance learning [50]. The use of AR
techniques allows the learner to experience sensations and explore learning experiences
that, in some cases, may exceed those offered by traditional lectures [5]. AR uses mobile
devices to provide real-world abstraction and contextual visualization; therefore, the use
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of AR in conjunction with smart devices encourages interest and increases motivation for
learning [51].

Within education, there have been research studies that evaluate how student moti-
vation can be improved with the use of AR. One of these initiatives claims that student
motivation, using an AR-based methodology, increased by 11% [57]. The results of other
studies conclude that people are willing to be taught using AR [30], because it makes learn-
ing more flexible [15], and increases interest in subjects that may not be entertaining and
motivating [34]. Students’ performance improves when using AR; however, this increase is
closely related to the type of cognitive abilities of each person [58].

4. NetAR Mobile Application Design

NetAR was designed based on an image target that the mobile device can identify
and track, in order to superimpose the AR on it [59]; the same image target was used for
all the developed scenes. Each scene had its own movements and animations and was
developed in such a way that the users can view the scene in 360 degrees by moving their
mobile device at different angles.

The project focused on the design of sketches and animation ideas that could then be
programmed with the AR Unity application development tool. This software streamlined
the creation of visual learning content by integrating tools such as a 2D and 3D figure
viewer, a scenario control system, support for importing external packages and models,
and an error compiler into a single development platform.

NetAR was developed for mobile devices with Android operating system. The
purpose of the application was to provide a series of AR scenes focused on networking
topics (ISO/OSI model and static routing). It was designed to be intuitive and easy
to navigate for the user; user response times depend on the resources of the mobile
device used. The application provides several facilities to users as it is user-friendly, and
by presenting information in a visual way, it is easier for users to learn and retain that
information compared to using textbooks. The animations are presented simultaneously
with audios that explain the general topic being covered and subtitles, displayed at the
bottom of the screen, that serve to facilitate the understanding of the topics involved and
allow hearing-impaired users to understand what is happening in the animations.

Once the user starts the NetAR application, a menu appears on the screen. The menu
has the option to select the desired topics, which can be seen in Table 1. In addition, there
is a help option that shows a manual explaining the basic operation of the application. In
the settings option, the user can turn the volume up or down as desired.

Table 1. Subjects used for the construction of NetAR.

Subjects Description
ISO/0SI model Shows the seven layers of the OSI model, with the example of sending a message.
Segment Shows the parts that are added to the message before it goes to the packet.
Packet Adds the necessary components to the message so that it can go into the packet.
Frame Consists of the final phase that the message goes through before it is received.

Means of transmission
Access methods
IP addressing

Static routing

Presents the different means that exist for the transmission of information.

Indicates the ways in which network devices can be accessed.

Shows the packet of information passing from the sender to the receiver.

The direction that packets take when being sent from one device to another, considering the IP
address of the next hop.

NetAR has two main levels designed to deliver information on two relevant topics in
the networking area (ISO/OSI model and static routing):

Level 1. This first level was developed for students who have never studied or do not
know the concepts of networking and the ISO/OSI model. At this level, the basic concepts
of data networks are studied and the layers of the ISO/OSI model are analyzed. In Figure 2
of NetAR, the seven layers of the ISO/OSI model can be appreciated and the way in which
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the information travels from the origin to the destination can be observed. Furthermore,
NetAR shows the construction of the different protocol data units (PDU), all this using AR
for a better understanding.

S —— e ——
Presentation Presentation

D = e
Transport SEGMENT Transport

PACKAGE

FRAME

BITS

Stbtitles OFF | () @ Main M
LI C D ©)

Figure 2. Level 1. ISO/OSI model shown in NetAR. The application has the option to turn subtitles on and off for the
explanation of the model shown (1); the user can start and pause the animation with the buttons placed on the screen. There
is also an option to return to the main menu and access the other levels of NetAR (2).

Level 2. The second level was developed for students who have an understanding
of the OSI model and the fundamental concepts of networking. The subject of this level,
as can be seen in Figure 3, involves how to route data from source to destination using
static routing protocols. NetAR shows the packet travel and the decision making (next
hop based on the IP address) of the devices involved so that the messages can travel from
source to destination and vice versa.

It takes the user an average of 25 min to go through all the application topics to
fully cover the OSI model and the fundamental concepts of networking. Once they have
reviewed all the topics, they will be able to answer general questions about them and
identify the basic elements of routing, such as utilized devices and how packets travel
through the network. As for the OSI model, they will be able to identify which layer each
information unit is in and what fields it carries.
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Figure 3. Level 2. Static IP addressing shown in NetAR. The application has the option to turn subtitles on and off for the

explanation of the model shown (1); the user can start and pause the animation with the buttons placed on the screen. There

is also an option to return to the main menu and access the other levels of NetAR (2).

5. Methodology

This section describes the methodology adopted for the study. It includes the usabil-
ity analysis of NetAR through the IBM CSUQ tool (James Lewis, 1995, Boca Ratob, FL,
USA) [60], and the evaluation of the participants through a control group.

5.1. Usability Analysis of the Mobile App
5.1.1. Participants

For the NetAR usability analysis, there were 80 participants, of which 63 were men
(78.75%) and 17 were women (21.25%). The participants were selected by convenience
sampling and were students from a university in Ecuador. The age of the participants was
between 18 and 21 years. Of the 80 participants, 60 were between 18 and 19 years old and
20 were between 20 and 21 years old. Of the 80 participants, 78 reported that they knew
and had used a mobile game-like application with AR; 74 of them reported that they did
not know and had not used an educational mobile application with AR. All participants
had a mobile device of their own, 80% had only a smartphone, 45% had a smartphone and
a tablet, and 65% of them had internet access via mobile data.

5.1.2. Tasks
The participants had to perform three tasks:

e  Print the image target and open the mobile application to start navigating the different
modules of the app.
Open the ISO/OSI model option, navigate and use the navigation controls.
Open the routing option, navigate and use the navigation controls.

Each participant accepted an informed consent that was given to them via a web form,
after which they took a demographic survey; then, each participant received training in the
use of NetAR. Participants were able to ask questions after using the application. After
their doubts were clarified and they were sure they had mastered the application, they
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performed the three tasks requested. The experimentation lasted about 25 min; after the
completion of the tasks, they were asked to complete the IBM CSUQ survey.

5.2. Study Design Using a Control Group

The usability study was conducted with the same participants because the subject
of data networks was part of their curriculum and the concepts shown in the mobile
application (the ISO/OSI model and routing) were the most difficult for the students.

The selected participants were students of two courses at different levels of the en-
gineering career; group beginners (40 participants) were those who had no previous
knowledge of networking. Group advanced (40 participants) consisted of those who were
familiar with the concepts of networking, IP addressing, and the ISO/OSI model.

To perform the proposed analysis, for each group (beginners and advanced), an
experimental group (EG) and a control group (CG) were chosen by random sampling
technique as seen in Table 2.

Table 2. Working groups.

Groups

Group Beginners (No Previous ~ Group Advanced (with Previous Total Participants

Knowledge of Networking) Knowledge of Networking)
Experimental group (EG) 20 20 40
Control group (CG) 20 20 40

5.3. Learning Model
Two learning models were used for this research:
e  Traditional learning:

This learning method was used for the CG participants. The instructor used the
conventional model (presentations and traditional lecture) on networking concepts for the
beginners and advanced groups.

e Learning using NetAR:

This learning method was used for the EG participants. The instructor used the
conventional model (traditional presentations and lectures) and the NetAR application to
explain networking concepts for beginners and advanced groups.

The study originated from the need to measure the effectiveness of NetAR, which was
developed for learning basic networking concepts for engineering students. The present
study was conducted over a period of 3 weeks, during weekdays. In the first and second
weeks, the models were used as a teaching methodology for each group (EG and CG).
During the third week, all participants were assessed with specially designed question-
naires. Both groups learned the networking concepts for three hours on one day per week.
This multiple-choice questionnaire evaluated the learning challenges of the participants
in both groups (CG and EG). The structure and questions of these questionnaires were
based on the guidelines given by the CISCO Academy in the CCNA&1 Introduction to
Data Networking V7 course.

All groups of participants had the same teacher, the same learning time, and the
same learning content. Each questionnaire consisted of 10 questions weighted 1 point
each, resulting in 10 points for each questionnaire. To validate the reliability and validity
of the questionnaires, Kuder Richardson was used, with a result of KR20 = 0.74 (accept-
able between (0.70-0.90)). In addition, the time it took each participant to complete the
questionnaire was recorded to analyze the results.

Of all the EG participants, 98% installed the application on their smartphones, and
2% on a tablet with Android OS. The instructor gave an introduction on how to use the
application and its features, how to move forward, how to select a particular option, how
to start and pause the animation, and how to navigate in order to visualize the AR design
completely. All students actively participated in the study and followed all the instructions.
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5.4. Used Variables
A.  Independent variables
1.  Learning method;

e TL
e ARL

2. Learning level (LL);

e  Beginners group
e  Advanced group

B.  Dependent variable

e  Questionnaire scores (Z).

6. Results
6.1. Usability Results

This section presents the results of the application of the IBM CSUQ instrument; in
addition, participants were invited to describe the application using the most representative
word from a set of desirability tools [61]. As can be seen in Figure 4, the most frequent
words that users attributed to NetAR were motivating, easy to use, and usable.

14
12
1

o N B [e)] 00 o
© I

Figure 4. Words most frequently used by users to describe the NetAR application.

Table 3 shows the mean, median, and standard deviation measures aggregated by
the four CSUQ categories. Figure 5 shows the results of the IBM CSUQ questionnaire. A
positive result is observed, given that the majority of the participants answered with the
responses that have to do with “I agree” and “I strongly agree”. Looking at the results,
the study suggests that overall user satisfaction follows a positive trend, with the average
result being y = 5.91 out of a maximum of 7 and a standard deviation of o = 1.08. As
for the usability of the system (SYSUSE), there is a similar trend, with an average value
(# = 5.93) higher than the other factors of analysis both in the minimum value and in the
average, showing that the usability is satisfactory for the users. The information quality
(INFOQUAL) has the lowest results, with an average value (4 = 5.84) indicating that it can
be improved; therefore, we have considered that future improvements should aim at more
accurate description of the scenes, more relevant models, and a detailed user manual.

On the other hand, the interface quality (INTERQUAL) shows the highest values
(4 = 5.94), denoting that the interface was appreciated by the users and they consider the
system to be easy to use.
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Table 3. Mean, standard deviation, and median per question.
IBM CSUQ Question i g M
1. Overall, I am satisfied with how easy it is to use this system. 5.96 0.99 6
2. It is simple to use this system. 6.03 0.98 6
3. I can effectively complete my work using this system. 5.88 1.09 6
SYSUSE 4. I am able to complete my work quickly using this system. 5.89 1.08 6
5. Tam able to efficiently complete my work using this system. 5.94 1.06 6
6. I feel comfortable using this system. 5.96 1.13 6
7. It was easy to learn to use this system. 5.96 113 6
8. I believe I became productive quickly using this system. 5.85 1.08 6
9. The system gives error messages that clearly tell me how to fix problems. 5.56 1.31 6
10. Whenever I make a mistake using the system, I recover easily and quickly. 5.73 1.18 6
11. The information (on-screen messages and guidance or other 5.80 1.02 6
INFOQUIAL documentation) provided with this system is clear. ’ ’
12. It is easy to find the information I need. 6.03 0.98 6
13. The information provided with the system is easy to understand. 5.89 0.99 6
14. The information is effective in helping me complete my work. 5.90 1.00 6
15. The organization of information on the system screens is clear. 6.00 0.96 6
16. The interface of this system is pleasant. 5.90 1.12 6
INTERQUIAL 17. I'like using the interface of this system. 5.99 1.18 6
18. This system has all the functions and capabilities I expect it to have. 5.94 1.01 6
OVERALL 19. Overall, I am satisfied with this system 5.91 1.09 6
| strongly disagree I disagree I am so so u | strongly agree
8.00 ais | |
7.00 7.00 6.92 7.04 7.01 Qais l T
a1z ‘
6.00 5.93 5.84 5.94 5.91 a6 ‘
ﬁ 5.00 4.87 4.77 4.84 4.82 s ! !
S 400 a4 ! !
g Qi3 . :
S 300 Top iz
Bottom | |
2.00 o Average a . ‘
aw | |
1.00
Q9 | i
0.00 as
SYSUSE INFOQUAL INTERQUAL OVERALL w w
Top 7.00 6.92 7.04 7.01 az ' '
Bottom 487 477 484 482 as | |
® Average 593 5.84 5.94 591 as | |
| |
| {

0% 10% 20% 30% 40% 50% 60%

Figure 5. (Left panel): IBM CSUQ question graph. (Right panel): IBM CSUQ metrics.

80%

100%

Question P9 is the most negatively rated question (y = 5.5625, ¢ = 1.311, and M = 6),
which indicates that the system should improve when displaying error messages and how
to solve them. The best rated questions are: question P2 (i = 6.03, 0 = 0.981, and M = 6) and
question P12 (= 6.03, o = 0.981, and M = 6), which indicates that the participants were
able to effectively use the application because the information was easy to find. Regarding
the usability of the system, question Q6 (u = 5.96, o = 1.130, and M = 6) and question
Q7 (4 =5.96, 0 = 1.130, and M = 6) indicate that most users felt comfortable using the
application and it took them little time to learn how to use it.

Figure 5 shows the values obtained for each question of the IBM CSUQ. In summary,
the results of the questionnaire were perceived as highly positive. INFOQUAL and SYSUSE
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have the highest values, reflecting the fact that overall satisfaction with the application is
strongly related to the information and ease of use of the system.

In general, the usability of the system was well received and it can be considered that
the participants were comfortable with the structure of the system, the content, and its
interactive functions.

6.2. Results of the Experimentation with the Control Group and the Experimental Group

Establishing the criteria for measuring the usefulness of NetAR is important for
evaluating its effectiveness. One way to identify the effectiveness of the mobile application
is to analyze the “mean questionnaire score” between EG and CG; the EG score should be
statistically higher than the CG score. For this, the following hypotheses were proposed:

Hypothesis 1 (H1). There is no significant difference in the mean score of the questionnaire
between EG and CG.

Hypothesis 2 (H2). There is a significant difference in the mean score of the questionnaire between
EG and CG.

To address hypotheses 0 and 1, a Z-test was applied to evaluate the performance of
the two groups (EG and CG) in the different learning modalities and the effectiveness of
the NetAR interface, as can be seen in Table 4. This test was performed with a reliability of
95%. A two-sample test (T) assuming unequal variances was used on the results of the two
groups to obtain the variance of each group (95% reliability) and use it in the Z-test.

Table 4. Z-test scores for two groups: experimental group (EG) and control group (CG).

Z-Test Experimental Group (EG) Control Group (CG)
Mean 8.825 6.075
Observations 40 40
V4 6.484699511
P (Z < =z) one queue 4.445 x 1011
Critical value of z (one queue) 1.644853627
Critical value of z (two queue) 1.959963985

In Table 4, it can be noticed that the value of z = 6.48 which is greater than the critical
value of z (one-queue) = 1.6448 and greater than the critical value of z (two-queue) = 1.9599.
In addition, the p value was less than ¢; therefore, the null hypothesis H1 is rejected and
H2 is accepted, and it can be stated that there is a significant difference in the mean score
of the questionnaire between EG and CG.

These results may be the result of the use of the mobile application, and we can
conclude that the use of NetAR influenced the difference in scores obtained. For this reason,
the hypotheses of performance with each of the teaching methods were proposed:

Hypothesis 3 (H3). There is a significant difference between the scores of the four groups due to
the teaching method used.

Hypothesis 4 (H4). There is no significant difference between the four groups due to the teaching
method used.

To accept or reject hypotheses H3 and H4, a two-way ANOVA with 95% reliability was
used for the four. These groups (dependent variable) were evaluated with a questionnaire
to identify whether the use of the mobile application (independent variable) influenced
their score (dependent variable) or whether the higher score result was circumstantial. The
sample used and the variables are described in Table 5; the detail of the groups is shown in
Table 6.
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Table 5. Sample and variable size used for the study.

Sample/Variable Sample Size/Variable Size
Independent variable Learning methods and groups (beginners and advanced)
Dependent variable Questionnaire scores
Sample size 80

Beginners: group with no previous knowledge of networking; advanced: group with previous knowledge of
networking; learning methods: traditional learning; learning with NetAR.

Table 6. Groups according to independent variables.

Groups Description Sample Size
Group A Beginners using traditional learning 20
Group B Beginners using learning with NetAR 20
Group C Advanced using traditional learning 20
Group D Advanced using learning with NetAR 20

Beginners: group with no previous knowledge of networking; advanced: group with previous knowledge of
networking; learning methods: traditional learning; learning with NetAR.

Table 7 shows the ANOVA data; here, it is noticeable that the probability of the data
for the four groups is p = 4.26342 x 10~8 which is a value less than the ¢ = 0.05; furthermore,
the F value is greater than the critical value of F for the four groups. These results indicate
that we can accept H3 and reject H4. Therefore, it can be stated that there are significant
differences between the groups, and these are caused by the type of learning to which they
were exposed. Furthermore, use of NetAR had a directly proportional effect on the result
of the questionnaire, compared to traditional learning.

Table 7. Analysis of variance for the four groups.

Origin of Variations Mean Squares F Probability Critical Value for F
Responses to the questionnaire 5.515789474 1.835376532 0.040410405 1.771971844
Groups (A, B, C, D) 51.9 17.26970228 4.26342 x 108 2.766437926

Figure 6 shows the average of the questionnaire results for beginners and advanced
groups with their two clusterings (CG and GE). It can be seen that the groups that used
NetAR had a higher performance in the two questionnaires. This confirms that the use of
NetAR influenced the performance of the students. It can also be evidenced that the partici-
pants of the advanced group performed better than the participants of the beginners group.

EG
<)
[

8.75 &

6.4 8

5.75 Q

Beginners Advanced

Figure 6. Average of the results of beginners and advanced groups.
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To begin the analysis of the results, it must be taken into account that the beginners
group was completely different from the advanced group. In addition, the questionnaires
were different for each group of participants. Figures 7 and 8 show the results evaluated
according to the gender of the participants.

—71—10.00 9.75

——9.00 ——9.00
lo
7.75 x7.75 00
7.00 7:66—7.00
%6-06- .00 600 .00

I 5.50
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Figure 7. Average of the results by gender of the control group (CG).
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Figure 8. Average of the results by gender of the experimental group (EG).

There was a significant difference in both groups. These graphs indicate that in the
beginners group, men had a better understanding of the theoretical part of the networking
topics. On the other hand, in the advanced group, women excelled in the more complex
networking topics such as data routing.

This result is due to the fact that the average was greatly affected by the number
of participants of each gender. Since there were fewer women than men, a few high
marks could greatly raise the average, while a few low marks would cause the average to
drop considerably.

The questionnaire for both groups started at the same time, and the completion time
of each participant was recorded. Figure 9 shows that the two groups showed a statistically
significant difference in questionnaire completion time. In the beginners group, the EG
participants took an average of 14.93 min to complete the questionnaires and the CG
participants took an average of 17.45 min. On the other hand, in the advanced group, EG
participants took on average 15.47 min to complete the questionnaires, and those in the CG
group took on average 19.78 min.
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Figure 9. Time of each participant of the beginners and advanced group to solve the questionnaire.

In both groups, beginners and advanced, the EG participants exceeded the CG par-
ticipants in time to solve the questionnaire, suggesting that those who used the app felt
more confident and therefore were able to solve it in less time. We interpret this as follows:
since the application is highly visual and interactive, it allows students to remember and
understand in greater depth the more complex topics with less study time.

7. Discussion

Based on the analysis of the results of the questionnaires, it is corroborated that both
groups of participants enjoyed the experience that NetAR offers in comparison with the
traditional method. The participants indicated that the application helped them to better
comprehend the topics since it helped generate interest and motivation in their learning.
Moreover, the typography and size of the letters displayed in the titles and texts of each
scene were easy to read for the users.

The findings of the presented research confirmed that the use of the mobile application
improved the learning ability of the participants who used the app; they could effectively
understand the concepts validated by the results of the test. The NetAR mobile application
is a medium to ensure dynamic learning of networking concepts. Although many of the
participants were not familiar with educational AR applications, they did not have any
problems using the technology. The application turned out to be very intuitive. This
meant that, with a simple demonstration, most of the participants could use the application
properly. This gives evidence of the results of the usability evaluation used in this work,
which show that the students had no difficulty integrating this new technology into their
studies. All participants completed the proposed activities without problems and there
were no technical setbacks relevant enough to reduce the students” enthusiasm to complete
the activities.

It was confirmed that the mobile application encouraged participants to learn while
being more motivated, in comparison with conventional methods. The participants are
familiar with current technologies, making NetAR not only an optimal tool for learn-
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ing in a formal study environment, but also for motivating users and encouraging au-
tonomous learning.

The importance of this work and its results are in line with the findings of several in-
vestigations [9,21,62], which show positive results in motivation, attention and satisfaction
for the learning environment based on AR technology. Furthermore, they indicate that
this method of learning produces greater motivation, due to the interaction and the use of
technological tools that are very attractive to users. This new teaching methodology can
generate in students a better way to assimilate content and visualize complex graphical
representations more effectively.

When analyzing the background previously, it was found that most of the studies
with AR and mobile devices that exist are empirical; more scientific studies are needed
to corroborate the results obtained, which is why this work focuses on showing results
analyzed with students in a real learning environment.

When reviewing the discussion in the different studies, it is evident that they agree
on several aspects, the most important of which are: using AR applications for longer
periods of time to determine how good the results are in the long term [27], performing
experimentation with different tasks to determine which are the best [57], performing for
longer periods of use with both groups [13], performing work with scientific tools [15], and
improving accessibility so that it also helps people with disabilities [63]. For these reasons,
it is suggested that considering the use of mobile applications using AR as a common
practice in education, both formal and informal, will help to modernize and update study
environments in multiple areas of knowledge and educational levels.

8. Conclusions and Future Work

The analysis of this research was developed during the months of January and Febru-
ary of this year. The design and construction of the mobile application was carried out by a
group of teachers and students as their own research project. A requirements analysis was
carried out for its construction and it was based on an agile methodology (SCRUM). Once
the application was finished, it was distributed free of charge to teachers and students. It
should be noted that the mobile application is still in the process of improvement; accessi-
bility issues will be addressed so that it can be used by people with disabilities. Once this
last step is completed, it will be uploaded to the Google Play Store for free download.

AR is one of the technological innovations that make it possible for the real world
and the virtual world to merge and work in an integrated way. Through this technology,
blended learning environments can be created, where the real world can be enriched
with dynamic virtual content. This learning environment offers new ways of acquiring
knowledge and skills.

Two important results were obtained through this study, one concerning the usability
of the application and the other related to the learning performance caused by the use
of the application. Both are related to the objective of creating enriching experiences for
students through technology.

Regarding the results obtained in terms of usability, the participants stated that they
had a positive experience with the application and had no major problems in its use.
The SYSUSE, INFOQUAL, and INTERQUAL results of the IBM CSUQ questionnaire
showed positive values. Therefore, it can be concluded that the application was easy to use
for students.

On the other hand, the statistical analysis between the EG and CG showed a significant
difference for the participants who used NetAR as part of their learning. This indicates that
the use of NetAR helped the students to have a better learning experience and a deeper
understanding of the topics studied in class.

Finally, the work performed was successful and corroborated the two hypotheses
stated at the beginning of the study: H3 (there is a significant difference in the mean score
of the questionnaire between the EG and CG) and Ha (there is a significant difference
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between the scores of the two groups because of the teaching method used) with very
favorable results, which are reaffirmed with previous studies reviewed in the background.

For future work, the study should conduct experimentation with a larger group of
students and for a longer period of time in order to analyze long-term usability and analyze
what type of content produces the best results for students.

In the previous background review, it was evident that the main focus of AR appli-
cations is on elementary and high school students and that very few applications have
support options for people with disabilities. For this reason, the accessibility of NetAR is
an issue that should be considered for improvement, so that the greatest number of people
will be able to use it and benefit from its features. In addition, the application should be
migrated to be functional in other platforms such as iOS.

In addition, it is proposed to optimize the application in such a way that it consumes
as few resources as possible and can be executed in a greater number of mobile devices.
Finally, it will be important to implement an internal storage structure (database) that
allows saving evaluation parameters such as: grades, time of use, and learning progress in
the application, so that the application becomes a fully featured tool and can be used as a
support for both teachers and students.
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