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Abstract. Gamification and Augmented Reality techniques, in recent years, have
tackled many subjects and environments. Its implementation can, in particular,
strengthen teaching and learning processes in schools and universities. Therefore,
new forms of knowledge, based on interactions with objects, contributing game,
experimentation and collaborative work. Through the technologies mentioned
above, we intend to develop an application that serves as a didactic tool, giving
support in the area of Computer Networks. This application aims to stand out in
simulated controlled environments to create computer networks, taking into ac-
count the necessary physical devices and the different physical and logical topol-
ogies. The main goal is to enrich the students’ learning experiences and contrib-
ute to teacher-student interaction, through collaborative learning provided by the
tool, minimizing the need for expensive equipment in learning environments.
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1 Introduction

Economic inequality is a reality, it affects every sector of our society, and is mainly
present in Third World countries. The immersion of graduates from public universities
in third world countries becomes difficult, as they do not have the latest technologies
or the necessary equipment to acquire the needed skills to perform effectively in real
work problems. In the education sector, there are public institutions that do not have
state-of-the-art technological elements or equipment that allow simulations or practices
to be carried out in controlled environments for computer networks related careers, in
contrast to private institutions or First World Countries. This scenario contributes neg-
atively to students and graduates’ employability.

Gamification and Augmented Reality (AR) techniques have positioned as attractive
and interesting strategies to improve and innovate on many domains being education
one of them. Applying them has strengthened the teaching and learning processes in
schools and universities. Hence, it is possible to construct new forms of learning based
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on interactions with objects, providing games, experiments, challenges and collabora-
tive work.

Gamification is defined as the use of game design elements and techniques, in non-
game related contexts, to engage people and solve problems [1]. Implementing such
techniques facilitates changes in the classic classroom activities, providing incentives
for students through reward and scoring systems [2]. Using game mechanics in the
classroom allows students to make mistakes and restart play, giving them the freedom
to fail and experiment without fear [3].

In this sense, several researches that suggest capturing characteristics, capabilities,
rules, and strategies provided by video game environments to promote creative thinking
and lead to new ways of addressing real-world problems. Morschheuser et. al [4] de-
scribes as the concept of collaboration provided by the game dynamics through gami-
fication techniques, influences the dynamics of the group, generating commitment,
shared emotions, sense of belonging and definition of group norms. Game-based learn-
ing has been shown to have potential to modern students who are growing up in an era
of interactive media and video games, making gambling in the classroom attractive and
motivating [5]. Most studies highlight positive aspects of gamification, because they
generate greater engagement and enjoyment, but these results often depend on the con-
text of the gamified system and the characteristics of the player.

AR application shows potential in the education fields [6]. It can help to improve
critical thinking skills, problem solving, and teamwork through different activities [7].
Students easily engage in the learning process and can enjoy the experience through
game mechanics embedded in the AR activity. Because of AR many complex scenarios
can be replicated and approached from a different perspective, such as physical and
biological phenomena as well as astronomical phenomena.

Some of the advantages of this technology are the following: i) the equipment that
students need is a cell phone and a pattern card,; ii) the application can be used anywhere
and anytime; iii) and can be developing to be used as a standalone application [8].
Therefore, AR has become a popular technology used in educational settings. In this
role, AR has also turned into an important focus of research in recent years. One of the
most important reasons AR technology is widely accepted because it no longer requires
expensive hardware and sophisticated equipment. AR can be defined as a technology
that superimposes virtual objects (increased components) in the real world. These vir-
tual objects seem to coexist in the same space as real-world objects [9]. Several studies
show that AR can improve the teaching and learning experience [10], [11].

The main objective of this research is to enrich students' learning experiences and
improve the teacher-student interaction through collaborative learning. Therefore, a
tool that allows the virtualization of controlled environments to create computer net-
work infrastructure simulations challenges by combining gamification and AR tech-
niques is presented in this contribution to achieve this objective.

This research also intends to be a support application to institution that do not have
the budget to equip their laboratories with certain and necessary equipment to carry out
the computer network practices.

The rest of the paper is structured as follows. Section 2 describes some related works
with the application of gamification and AR techniques in the academic field. Section



3 is divided in two subsections. The first one describes the guidelines needed to use
SIMNET in classroom. The second part includes its architecture and description of the
components used in the development of the application. Finally, section 4 shows the
conclusions and future work.

2 Related Works

This section will mention some related works in the field. These studies have made use
of the technigues we have mentioned in the introduction to this paper.

Ibafiez et. al [12] present a learning application that make use of AR technology to
aboard the basic concepts of electromagnetism. This study also compared an AR-based
application with an equivalent web-based application to study its learning effectiveness
and the level of enjoyment of high school students. The analysis showed that the AR
application led participants to achieve higher levels concentration than those achieved
by web-based application users.

Quintero et. al [13] presented an AR application to promote spatial visualization in
calculus courses for engineering students. The aim of this research was presenting to
students a cognitive experience of the surface as the intersection of planes. This expe-
rience was driven for its first pilot test. The results concluded that the traditional ap-
proach of learning mathematics cannot remain unchanged and it is necessary new tech-
niques that contribute to the students learning experience.

PhysicsPlayground [14] is an AR application that allows simulate physical phenom-
ena. This application can be used by special equipment and was developed using PhysX
API from NVIDIA. PhysicsPlayground helps to teach and learn mechanics. This tool
allows students to construct virtual models to study physical properties, verify formu-
las, develop theories and actively take part in physical education, encouraging experi-
mentation and understanding. Authors highlight the nearly haptic interaction when
building and running experiments in the application. Also, authors remark the possibil-
ity to change parameters in real time to take new perspectives of the results.

AR facilitates the observation of events that cannot to be easily observed with the
naked eye [11]. Therefore, this can be exploited to increase students' motivation and
help them to acquire better research skills [15].

According to [16], AR most significant advantage is its "unique ability to create hy-
brid learning environments that combine digital and physical objects, facilitating the
development of processing skills such as critical thinking, problem-solving and com-
munication through interdependent collaborative exercises".

In summary, it is clear how AR and gamification have been useful for improving
learning experiences, both to provide student another perspective from which to ap-
proach the comprehension of certain complex issues such as visualization of phenom-
ena invisible to our eyes. It can also be useful to provide virtual scenarios in which the
equipment is not available to carry them out in reality or to simulate a practice. That is
why our proposal makes use of these technologies to develop an application that can
provide the student with a new experience in computer networks.



In the following section, we will describe the methodology to apply the application
in the classroom and the components used to develop it.

3 SIMNET: Methodology and Implementation

This section will present the scenario adopted to make a pilot test of the application
developed. It will describe the characteristics it provides, and the design chosen for its
development.

3.1  Usage Methodology

Each one of these course assignments has a scenario description, an aim related to the
specific exercise and a QR code. This code attached to each exercise allows interaction
between the application and the assignment. Once every student will have been sup-
plied with the application on their mobile devices, they will access the environment
developed for the activity.
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Fig. 1. Methodology workflow
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The Figure 1 shows the activities flow to consider when using SIMNET. This work-
flow consists of 7 activities: Definition of student teams (1), Selection of virtual scenar-
ios (2), Challenges (3), Optional goals (optional activity) (4), Assignment execution
(5), Highest score team selection (6), Winning team (7).



Initially, teachers will separate students into groups of up to 4 members to start the
assignment as indicated in step (1). As soon as students have formed the teams and
entered the application. The students will register the group and full name as it is shown
in Figure 2a, to record the group to which each member belongs. This information is
added to a spreadsheet in a cloud service. Teachers are the only ones that will be able
to access to this spreadsheet. Then, they will scan the QR codes to begin the activity.

The activities will be related to complete a certain virtual implementation of a com-
puter network as indicated in step (2). Using components pre-assigned for each exer-
cise. The components will appear in the application's toolbox when the activity begins.
Students will be able to aboard the problems which represents the challenges indicated
in step (3), with different virtual components. Having multiple ways to solve each as-
signment, so optional objectives have been added. Optional objectives range from the
use of a specific component to accomplish the task to the lowest possible use of eco-
nomic resources, step (4). The teams that decide to solve them will get extra points in
the final score.

An example of an activity is shown in Figure 2b, where students are encouraging to
build a rack for certain number of personal computer. Next students must proceed with
the assignment execution defined by the teacher using the application, step (5). The
students have many switch options and type of connectors. Each activity has their com-
ponent, information and cost expressed in dollars. After the student decides, which
components will be use, they must select them and the components will be added to the
rack and the cost of his solution will be display at the left corner of the screen.

Once the student achieves a possible solution to the problem. The application notifies
them that a possible solution was found.
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Fig. 2. a) Screenshot of the application main screen; b) Screenshot of the application in use.

These activities encourage teamwork and cooperative work bringing together the
above-mentioned benefits of using gamification. Every member of a team also can sub-
mit their own answer, but at the end of the assignment, only the best score will be taken
as the final mark.



Next, the teacher arranges the results using the spreadsheet from the cloud service,
a portion of the spreadsheet is exemplified in Table 1, as indicated in step (6) and finally
lists the winning team, step (7).

Table 1. Portion of Student Registration Sheet

Group Name Student Name Exercise 1 Exercise 2 Exercise 3
Team 1 Student 1 $3250 $2050 $1099
Team 1 Student 2 $3250 $2050 $1099
Team 2 Student 4 $4000 $2200 $1300

3.2  Implementation

This subsection describes the components used to develop the prototype of AR appli-
cation.

We have designed and developed the first version of this proposal targeting mobile
devices with an Android operating system up to version 4.4. This application makes
use of the Qualcomm Vuforia SDK framework, jMonkeyEngine() and the Android plat-
form.

Qualcomm Vuforia SDK software requires a version 3 or higher of the operative
system to ensure that the application will work. The Vuforia SDK includes cutting-edge
computer vision algorithms aimed at recognizing and tracking an increased variety of
objects, including markers, target images, 3D objects, among others for any user devel-
oping the software. Although they are unnecessary for the development of sensor-based
AR applications, they allow for easy deployment of computer vision-based AR appli-
cations.

jMonkeyEngine is a free gaming engine that brings the 3D graphics of programs to
life. It provides intermediate software for 3D graphics and games that frees you from
the exclusive coding in low-level OpenGL, for example, by providing an asset system
for importing models, pre-defined lighting, physics and special effects modules that are
not embedded in 3D objects.

The Android development toolkit includes the Eclipse Integrated Development En-
vironment (IDE), the Android development toolkit for Eclipse (ADT) and many ver-
sions of the Android operative system. Specifically, to effectively use these technolo-
gies, it is necessary for the device to have a rear camera, GPS module, and gyroscope,
and accelerometers and compass.

An AR application can be structured in three layers:

e Upper layer: Contains the domain logic, also known as the application layer.

¢ Intermediate layer: Modules or components that enable the use of AR, such as visu-
alization, tracking, recording, and interaction.

o Lower layer: Conformed by the operative system, this layer integrates the compo-
nents providing interfaces to manage all resource of the device.
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Fig. 4. SIMNET Architecture Schema.

After determining the architecture and its components, it is necessary to define how
information flows in a typical AR application. In recent years, developers have con-
verged on the well-used method of combining these tools using a similar order of exe-
cution, the AR control flow or rather the AR control loop. This diagram, Figure 4,
should be read from the left to right. Displays the main sequence of tasks of an AR
application, which is repeated in a cycle.

First, the camera is accessed, and the current frame is retrieved and displayed. Then,
depending on the AR, sensor data is retrieved, or the camera frame is processed with
Computer Vision algorithms to search and track objects. Afterward, virtual objects are
transformed and moved into the virtual world to match the real world. Finally, user
interactions and gestures are processed to further change virtual objects or perform do-
main-specific tasks. At the same time, it is necessary to add domain-specific logic and
other activities related to the operating system.

4 Conclusion

Augmented reality allows the students interaction between the real and virtual worlds.
The capabilities AR of merging virtual and real worlds together have given birth to new
approaches that allow for improving the quality of learning. The effectiveness of AR
can be further extended when it combines with other types of techniques such as gam-
ification. Gamification improves the student's engagement, motivation, and perfor-
mance when carrying out a certain task; it does so by incorporating game mechanics
and elements, thus making that task more attractive. Combining both techniques can
generate great benefits in the educational area, allowing to experience new ways of
learning, generate interest in the students and provide new skills that facilitate their
insertion into the workplace.

For this reason, we presented this tool to simulate computer networks challenges in
a collaborative environment that allows interaction with virtual devices, through an ap-
plication that combines the advantages of AR and gamification techniques.

In future works, authors will present a pilot experience using the application in the
computer network course starting next year.
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