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Abstract: In this paper, the authors examine the problems, capabilities, and benefits of implementing
augmented reality technologies in higher education and integrating them into formal e-learning in the form of
edutainment. The main goal is to design and develop an educational interactive game that features
augmented reality and would enrich the teaching process with interesting content as well as motivate
students and stimulate their acquisition of knowledge. The developed game is based on current internet
mobile technologies, with AR aspects realized through the use of the Vuforia platform, and is implemented
as a part of a smart classroom. It includes a web application for teachers to create tasks, small parts of the
curriculum that are being tested, a mobile application that students use to interact with the game and solve
tasks, an augmented reality module that supports distance learning and a component for integration with
Moodle LMS. This paper will focus on the AR aspects of the game and the benefits that can be gained with
its use in education. The game has been implemented within the educational process at Faculty of
Organizational Sciences, University of Belgrade
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1. INTRODUCTION

The educational process is ever changing and evolves over time. This progress stems a requirement to fulfill
the needs of the students that change over time (Education, 2011). With the coming of the digital age and
the daily innovations which represent it, it has never been harder or more important to redesign current
methods of teaching and formulate a new approach that will accommodate a society living on the thin line
between the real and digital worlds (Bowen, 2015). There is a need for modern education in all age groups
with special focus on children starting their education as they are a generation born into the modern world
and are introduced to many forms of technology since birth (Yelland, 2006). Technologies of augmented
reality in education are increasingly being used and show great potential and contribution to the teaching
process from the pedagogical aspect.

Many innovations in education come from the constant rapid development of Informational and
Communicational technologies, especially Internet (Gyorgy, Suciu, Alexandru, & Militaru, 2014; Labus,
Despotovic¢-Zraki¢, Radenkovi¢, Bogdanovi¢, & Radenkovi¢, 2015). The effects of implementing internet
technologies in e-learning have been a focus of many studies (Means, Toyama, Murphy, & Baki, 2013).

There are numerous articles and research papers with incorporating smart technologies or new methods in
education as their focus of attention but a lot of them approach the subject matter from a purely theoretical
view (Cook & Das, 2004) while other works don't always demonstrate the full integration of game-based
learning in conventional education systems (De La Guia, Lozano, & Penichet, 2013; Kipper, 2013; Shen,
Wu, & Lee, 2014). In this research, we try to contribute to filling this gap by developing a game within a smart
learning environment and that aims to enhance the user's perception by utilizing the power and popularity of
augmented reality.

2. LITERATURE REVIEW

A. Augmented reality

Augmented reality is a technology that has an astounding number of applications such as business,
medicine, gaming and other forms of entertainment and education (Liou, Yang, Chen, & Tarng, 2017). Using
AR in educational games leads to hybrid games, games in which digital and physical objects can interact
with one another (Mircea et al., 2011). It is a new medium, combining a multitude of different computer
aspects to offer a unique approach to continuous and implicit user control (Lee, 2012). This approach can
enhance the quality and speed of training by providing a different view into the subject matter (Kamphuis,
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Barsom, Schijven, & Christoph, 2014). An example of this is the use of AR in medical training (Gu & Duh,
2011). By switching from 2D images to 3D models generated by smart devices, medical students can better
grasp the concept of many elements in their field of study like anatomy. Advances in mobile devices and
their graphics processing and rendering increases the gaming potential of mobile phones . By combining
mobile 3D game engines with Augmented Reality technologies it is possible to create a platform that is
capable of enriching our reality any time any place. One such example is described in (Sherstyuk, Vincent,
Berg, & Treskunov, 2011). In this example, authors describe the process of interacting with a 3D model of a
patient. Thanks to mobile technologies, the model is not only rendered in 3D it is also responsive and fully
functional. In this way, many hardware limitations of physical tools are circumvented and students are
capable of gaining practical knowledge in a far greater capacity.

Currently, most of the innovative approaches to education are implemented as part of higher education. This
is because universities have the necessary technologies and skilled personnel that are not only capable of
conducting such classes but also willing to research new approaches to teaching (Begg, Dewhurst, &
Macleod, 2005). That being said, it isn’t restricted to universities as there are attempts to do the same on a
high school level (Papastergiou, n.d.).

B. Educational games

Studies have shown that there is a great need for a better way to provide education. Due to rising demand
for highly educated people, educational institutions cannot provide the necessary supply. This leads to
creating more efficient means of teaching that can speed up the process and increase its quality (Savander-
Ranne, Lunden, & Kolari, 2008). Many studies have shown that alternative and modern approaches to
teaching yield better results (Stojanovic, Bogdanovic, Nedeljkovic, 2016). Some of the techniques that have
been recently looked into are the use of modern technologies in the form of teaching tools and the use of
edutainment in the teaching process (Knezevi¢, Despotovi¢-Zraki¢, Labus, Jezdovi¢, Ivkovi¢, 2016).
Educational games find themselves used in research papers more and more and their potential is heavily
discussed. They are interesting to students and possess the ability to motivate them beyond normal lecture
capacity. This makes researchers explore their beneficial influence on the learning process (Petrovic,
Jezdovi¢, Bogdanovi¢, & Despotovi¢-Zrakic, 2017). Use of games to facilitate learning is not a new concept
and was used for a long time. The first form of such games is physical games. These games use physical
objects to bring knowledge to students (Zagal, Rick, & Hsi, 2006). Since then, educational games have come
far. Innovations in technology have created new forms of games that follow the trends and maintain their
appeal to a younger audience, with the latest trend being mobile and AR games (Gros, 2007). Using video
games in a teaching environment is nothing new (Alshanbari, 2013). Studies have shown that playing video
and computer games can have a positive effect on players’ cognitive abilities like decision making, speed
thinking and reaction speed (Prensky, 2003). Another aspect of gaming that can be used to facilitate better
learning is competitiveness. The competitive side of gaming leads to better motivation and a greater amount
of effort being poured into performing actions whether they are of educational character or not (Burguillo,
2010). They also help focus attention to a single point which can be used for a more effective transfer of
knowledge, with lesser losses of information due to “white noise” of distracting happenings all around us
(Griffiths, 2002). In psychology, the greatest form of this is called "flow" and it describes a state of full
immersion into an activity that focuses all of a person's concentration into a single goal (Csikszentmihalyi,
1975b, 1975a). When used in conjunction with gaming and "flow", education can be an interesting,
motivational, immersive and above all else a productive activity, for example, a goal-driven educational game
(Kiili, 2005). Using new technologies to change traditional types of games and adapt them to new trends
makes them more interesting to newer generations and increases their effects (Petrovi¢, Stojanovi¢, Labus,
Bogdanovi¢, & Despotovic¢-Zraki¢, n.d.)Error! Reference source not found.. With the development of 3D
games, we can see a rise in their popularity over the 2D type (Koops, Verheul, Tiesma, de Boer, &
Koeweiden, 2016).

There are several parameters that can be used to evaluate the quality of an educational game (Aslan &
Balci, 2015):

- Acceptability: the level of completion of the learning goals;

- Challenge: the level of motivation;

- Clarity: the level of understanding;

- Interactivity: the level of interaction between the student and the game;

- Reward: it enables the student’s satisfaction after the completion of goals.

C. Internet of Things

Internet of things has found itself being used for various purposes, like traffic, data analysis and for our
purposes the most important one of all — education. There can be many implementations of IoT in education
but the most often example is in universities.
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Many classrooms today are connected to the Internet and have the advanced technological equipment, such
as tablets or interactive boards. This type of classroom is called the smart classroom (Song, Zhong, Li, Du, &
Nie, 2014). These classrooms are equipped with all kinds of tools and technologies necessary to provide an
enhanced learning experience that builds on top of the classical face to face model with a virtual, off-site
approach by providing a flexible and inspirational environment (Mikulecky, 2012). These classrooms are the
ideal place to implement educational games as they meet the necessary technological requirements (Xiliang,
Xin, Yafei, & Mengkun, n.d.). By relying on the recent internet and mobile technological boom, limitations of
smart environments are pushed even further. Using smartphones, as they are currently the equivalent of a
pocket-sized computer- a fact that was unimaginable even as recent as 10 years ago, learning can happen
everywhere, physical presence can become a thing of the past (Suo, Miyata, Morikawa, Ishida, & Shi, 2009).

3.DESIGN

A. Project requirements

The goal of our study was to create a tool that would transform the antiquated teaching mechanics into an
exciting and immersive experience as well as monitor the effects it has on the student's motivation and
knowledge acquisition. During our research, we have explored the processes of envisioning and designing
methods to bring our idea into fruition as well and developing hardware and software components based on
current technological standards that are necessary for implementation into a real environment. Based on its
potential in education, augmented reality technologies have been chosen as a core of the solution. The
result was an educational game based on AR that test's the players' knowledge on a given subject in a fun
and inviting manner and monitors their progress and achieved results. The game aims to motivate students
to embrace learning as a positive influence in their life by presenting it as a challenge set on a medium that
the user is already accustomed to.

B. Game concept

The concept of the game revolves around the process of giving the correct answers to given questions. What
differs in comparison to a standardized test is the way in which the examinees not only solve the problems
but also the method of submitting their answers. By designing questions in an interactive way that forces the
students to apply their acquired knowledge in a practical manner that is both fun and educational, tests can
be taken to a new level. One approach to this is creating workstations or polygons for each assignment and
distributing them to remote locations. This creates a goal-driven approach or in game terms manifests the
illusion of "quests". Polygons can consist of any number of elements, from simple images to be used with AR
modules to 10T infrastructures that demonstrate some core features of smart objects. Another approach
might be through a computer or in recent times mobile education, with apps instead of pen and paper. This
too can test both the theoretical knowledge i.e. quizzes or simulate some real-world situation for the student
to manage. Our approach was a mixture of aforementioned solutions joined together, a model that is
composed of a server which represents the core of the system and many distributed platforms made for
solving each task in a different way, but obeying the standards of the central unit and integrating into it.

C. Architecture

The architecture of the developed system is shown in figure 1. The system is split into core and distributed
elements with a middleware to connect them much like a bridge would. Among the core elements, we have a
virtual machine to house the central web server. The server host many items that are integral to the system
such as an administrative tool in the form of a web application that is used by a teacher to administer the
whole testing and grading process. The most important part of this tool is to create the logical form of
assignments that are presented to students during testing as well as serving as building schemas for their
physical representation. Other components that make the central server their home are the main database
used for storing all transactions and the many web services used by all of the system's various components.
It is the services that are the gateway between the centralized core and the distributed network of
participants and locations. The most important tool from the aspect of the player is the controller.
Representing the middleware, the controller serves as a means of communication between the player and a
black box that is the game. It is present in the form of a mobile application on a smart device such as a
phone or tablet. Using its User Interface it can collect input from the user and has integrated features to
connect to the APlIs of the server and physical data of the environment. The last segment of the system is a
collection of the many distributed locations, mostly smart environments adapted for the purpose of solving at
least one task. Communication between components is realized through the use of web services, RFID tags
(Miglino, Ferdinando, Fuccio, Rega, & Ricci, 2014), and QR codes (Kan, Teng, & Chen, 2011). User
management and grading are interconnected with Moodle LMS.
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Figure 1: The architecture of the game

Mobile application

The mobile application is the player’s gateway into the complex system of the game. It is the only way to
interact with the physical objects necessary to solve tasks as well as the only interface that receives tasks
from the server. In order to accommodate a wide range of task types, it uses task metadata to adapt to the
current type and generate only the capabilities necessary at the moment (Simi¢, Despotovi¢-Zraki¢, Labus,
Radenkovi¢, Bogdanovi¢, 2015). It does this by being split into modules that are used as building blocks to
form a whole during the loading of a new task, as seen in figure 2. The application can be divided into two
parts, the Vuforia part, that enables the use of augmented reality, and the Android part that facilitates
everything else.

Android

Augmented Web Service
Reality

A

Database

Figure 2: Mobile application structure

Augmented reality module is used to enhance the user's view of the real world and it does so by interacting
with a camera view and analyzing every frame, trying to find a designated image within it. If an image is
recognized 3D elements are overlaid over it. There are three types of AR modes available:

e Cloud Recognition which holds all target images as well as metadata files in a cloud server. This mode
recognizes a target and reads the accompanying metadata file. This file contains names and positions of
3D models that should be rendered.

e Virtual Button which recognizes only a single target but in exchange supports user interaction. On
successful target recognition, first of a list of 3D models is rendered as well as 2 buttons, left and right.
When hovering underneath a button, the displayed model is changed either to the left or right of the list
position of the previously displayed model.

e Explore which works similarly as Cloud Recognition in that its targets and metafiles are stored in the
cloud. The main difference lies in views rendered on recognition. Unlike the first type, Explore only has 1
model available, a text panel and title and text that are displayed inside it are contained in metadata text
files.
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To successfully implement the game, it is necessary to prepare an environment for it. At the very least it is
needed to prepare a location for all the image targets present. If there is a need to also collect data from the
environment in some way, this environment includes workstations on multiple locations and equipment for
students (Petrovi¢, Jezdovié¢, Stojanovi¢, Bogdanovi¢, & Despotovi¢-Zraki¢, 2017).

Workstations are equipment present on site for each task. If the task is envisioned to be solved with the aid
of external factors and devices, then all the necessary hardware and software must be set. Since the game
is played in multiple locations, they are scattered throughout the envisioned playing field.

Location of each task can be anywhere, in the classroom, in the faculty building, or outside. For example, a
task can be related to measuring the temperature, and the equipment can be placed in a classroom. Or, a
task can be related to plant watering, so the workstation will be placed in the garden.

Administration software

The administrative tool is used by teachers to organize tests (playing of the game), to create new tasks or
modify existing ones, review achieved results for a given student and grade them. By using this tool, we
prepare data that is available to other parts of the system through our web services. In figure 3 we can see
the screen used for reviewing achieved results.

Show 10 v entries search

S B i B @

Takmicar “ Rezultat Datum Ocena Kurs

Figure 3: Results overview screen

Moodle integration

In both the mobile and web tools authentication is done via Moodle. By entering credentials a call to a public
Moodle API is made with a request for authentication tokens. Only after confirmation of identities has taken
place users can begin their work. Another call to the Moodle service is activated after the game ends. The
client application sends the achieved results to the server for professors to grade with the help of the web
application. After the grades have been set, they are set as Moodle assignment scores.

D. Game scenario

The test is split into groups of 1 or more assignments, let's call them subjects. The students, or in this
context players, are given a mission to clear as many subjects as they possibly can within the time limit.
They are given assignments in sequential and random order with questions from all subjects mashed
together. To complete the subject, students are required to correctly answer exactly 1 assignment from that
subject’s subset. Once an answer is submitted its validity is put to the test. A correct one will award the
player full points for that question as well as mark the subject solved. Any subject that is marked as solved
will no longer be among the possible questions for that student. On the other hand, if the answer was not
correct, there is no change and players are given the next task. There is no direct penalty for solving a task
incorrectly as it might be received and correctly solved at a later point in the game, however, the time
required to redo it decreases the acquired points at the end of the game (as the remaining time is part of the
grade). New tasks are generated from a collection of all assignments from the unsolved subjects so in the
case of a wrong answer the user can get that same question, another question from the previously tested
subject or a question from a completely different subject. A potential penalty occurs if the player cannot
correctly finish a task even after multiple attempts. In this scenario, not only is the utilized time deducted from
the score, so are the points that each completed task brings.

To begin the game, students have to go to the predefined start location and acquire a player controller that is

already configured. After imputing their credentials and successfully logging in to their Moodle account, they
proceed to choose the option to begin testing. After starting the game, the timer begins the countdown. By
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getting random tasks, students are sent to different locations and their paths diverge from the start. Next is
the process of solving tasks one by one in a similar fashion until a task from each group is solved or time
runs out. Each assignment has information that it presents to the player by displaying it in the controller at
the moment it has been received. Among the info present is the location which the player has to go to, the
question which needs to be answered as well as metadata needed to generate all the necessary
components. Metadata is used to generate user interfaces that the player sees, such as the way of inputting
the solution (keyboard, RFID tag, QR code) or interfaces for connecting to the environment (AR, 10T...) After
arriving at the specified location, students proceed to interact with the environment in a way defined in the
text of the task and its metadata. Productive interaction will yield data necessary to complete a task prove
mastery over the subject. Each task is also scored according to the difficulty of completion. Completing
harder tasks rewards more points but it may cost more time. The final score of the test is determined by the
number of subjects closed, difficulty points of each task and the remaining time. As previously stated, the
game is played in iterations, which is shown in figure 4.

Location n

No more
Random cormrect tasks
—> N
assighment 1 Mark as solved ——p End

y |

wrong \‘ Next task

Continue

Figure 4: The game scenario

Since not all tasks are of the same difficulty, they cannot be graded in the same way, so the final
score is calculated based on the remaining time and the sum difficulty level of each successfully
completed task. The detailed game process is displayed in figure 5.

Random
Start
Assignment group 1 Assignment from

group 1

Assignment solving

Random
Assignment group N Assignment from
group N

End

Figure 5: Task overview

Throughout the game, the student can review the solved assignments. After completion of all the
assignments, or after the time has elapsed, the score that student achieved is calculated, shown to
the student, and inserted into the administration application and Moodle.

An extra feature of the game is a hint option. Tasks are equipped with messages meant to point the
student in the right direction in case there is trouble coming up with an answer. To use the help or not
is up to the players themselves. Solving tasks awards grade points that make the final grade but there
is another use for them. By collecting enough points a special button is made available. By pressing it
students sacrifice points that have been used in the button but gain help on a complicated problem.
Choosing this option lowers their final result but possibly awards another closed subject.

E. Assignments

A schema of an assignment is shown in figure 6. The displayed assignment is from the AR type. The
student is required to scan the environment with the AR camera provided as part of the handheld
device and recognize elements that are generated in the view. Based on his conclusions he reaches
the answer and submits an answer.
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Figure 6: AR Assignment workflow schema

As an example, an AR assignment called Diagram completion will be presented. After arriving at the
designated location, multiple pairs of loT platform diagrams and QR codes will be present. A question
can be seen on the first of multiple available screens of the mobile application and its text will tell the
player how to activate the AR features of the game and that he needs to scan the diagrams and find
the complete one. After reading the instructions and navigating to the AR screen players choose one
of three available AR modes (see figure 7) and aim the camera at the first diagram and on-screen
multiple 3D models of IoT elements will show up in different locations.

1 Cloud Recognition ‘

‘ Virtual Button ’

Explore

Figure 7: Vuforia module selection

Each diagram is missing at least one key component. Students need to find a diagram that when
combined whose missing components are present in its 3D render. Such a combination of diagram
and models is considered complete and is the correct one. Submission of the solution is done by
navigating to the next application screen and pressing the button to scan the QR code paired with the
previously selected diagram. QR tags hold codes for solving tasks. Tags paired with correct answers
will match the assignment codes and mark the assignment as completed during check-up while all
others will fail to match. Navigation through the application windows is done by swiping left and right
on the device screen. Based on the task metadata, the mobile application will generate only the
needed windows (figure 8). Generally, there are 3 windows present, the information window that holds
the text of the question and necessary instructions as well as the location while the other two windows
are dynamic and represent the widow for solving and the solution input window respectively. In the
showcased example AR camera has been used for the former, while for the latter a QR code scanner
was generated.

Zadatak Resenie

Naziv zadatka: Dostavljanje informacija

Tekst zadatka: lzracunaj koliko funti

tije p za kupevinu 100 dolara PREDAJ

Izabrati opeiju Explore u Vuforia
prozoru

Lokacija: 304

Figure 8: Task text and textual solution input

Another example of an AR task is named Model recognition. This task also tests the knowledge of the
loT models but is of lesser difficulty. The goal is to simply find the item that was specified in the text.
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The process is the same as in the previously described example with small differences. Firstly there is
only one diagram present on location, with a multitude of QR tags marked with numbers. After
opening the AR window, 3 models will show up on screen, an |oT object and 2 buttons to change the
center object. By using the primary model as number 1 and increasing the enumeration of every next
model to the right of it by 1, or decreasing it by going left we can get the answer. We number models
until we reach the required one and scan the QR code marked with that same number. In both
examples, it is possible to look at the augmented reality from all sides and angles but it is also
possible to rotate and scale models by interacting with the screen. This feature makes it easier to see
details if necessary.

Figure 9: Vuforia task example

4. RESULTS

For the evaluation of the developed game, a pilot testing was organized at the Faculty of
Organizational Sciences, University of Belgrade, within the Department of Electronic Commerce (e-
lab) during the Summer School attended by undergraduate 4th-year students. The goal was to test
the efficiency of using the developed game while learning about the Augmented Reality technologies.
The research was conducted in accordance with the code of professional ethics. All students willingly
agreed to contribute to this research.

The research involved 7 students who attended the Internet of things course. After using the
application, students filled in a poll in which they gave their opinion on the way each task was solved.
The questionnaire had 10 questions and the students could demonstrate their opinion on the offered
five-step scale from "I completely agree" to "I completely disagree".

Each student received a mobile phone on which a mobile application was installed. Their tasks were
to launch the application, log in to the Moodle system, and press the button in the displayed menu -
launch the game. The system then selected one of the tasks randomly. If the student does not solve
the exact task, they have the ability to re-test within a given time again. After the expiration of the time
or after solving all the tasks, it was necessary to press the button "finish the game". Two of the offered
tasks were Vuforia type.

The student had the task of reading the text on the screen of the mobile phone, then going to the
assigned location from the task. Within the application, it was needed to move the screen to the right
and click on the scan, then select the option specified in the text of the task and position the device so
that the image is visible on the camera. The students needed to select a 3D model that matched the
task's solution, double-click the "back" button, move the screen to the right and click on the scan. The
device had to be positioned to see the QR code corresponding to the selected model. The last step
was to move the application screen to the right, enter the read message into the displayed field, and
click "Submit". Finally, students who participated in the research-filled in the questionnaire, answering
questions about the application itself. In the given survey, students expressed their opinions on the
application, but also answered questions that were related to satisfaction in solving each of the three
questions asked.
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A. Knowledge test results

The table shows the opinions of students related to the use of the extended reality application while
solving the tasks set.

Regarding whether tasks were easier to solve by using the application, 71.43 percent of students said
they fully agreed with the view that it was easier to solve the task with the application, while the other
28.57 percent of students replied that they could not decide.

No one answered that they partially or completely disagree that their tasks are easier to solve using
the application.

Table 1: Questionnaire data

% % % % %

Question aS;rrc;:gly Agree Neutral aDgr:;:t 3:;:2?2; Mean Standard
(score (_s:ore (_s;:ore (score  (score score deviation
o I A T WL )

The task is easier to

solve with 71.43 0.00 2857 000  0.00 436 0.82

using the

application.

The task is easy to

learn. 85.57 14.29 0.00 0.00 0.00 4.71 0.49

It's boring for me to

solve this task like 14.29 14.29 28.57 14.29 28.57 2.64 1.29

this.

| had the feeling of

controlling the 4, g 5714 000 000  0.00 436 054

situation while solving

the task.

Too bad that there

were no more tasks 42.86 28.57 28.57 0.00 0.00 414 0.78

of this type.

There was enough

time to solve this 71.43 28.57 0.00 0.00 0.00 4.64 0.54

task.

There was insufficient

time to solve this 42.86 0.00 28.57 14.29 14.29 3.43 1.40

task.

There was too much

time to solve this 14.29 14.29 14.29 42.86 14.29 2.43 1.21

task.

| prefer the classic

test for solving this 14.29 14.29 14.29 28.57 28.57 2.43 1.33

type of task.

The task is more fun

to solve with the 85.57 14.29 0.00 0.00 0.00 4.71 0.34

application

When asked if the tasks were easy to learn, 85.71 percent of students replied that they fully agreed,
and one student partially agreed. Students in a percentage of 85.71 percent agree that it is more fun
for them to solve tasks using the application, and as much as 42.86 percent think it is a pity that there
were no more tasks of this type. When asked if they have a sense of controlling events while solving
tasks, 57.14 percent of students agree in part and 42.86 percent of students fully agree. Students'
indecisiveness is evident over time in solving tasks. We see that 42.86 percent think that there was
insufficient time to solve the tasks, while in the same percentage; the students think that there was too
much time to solve the tasks. It is believed that this way of solving tasks for students is new and,
depending on their readiness and skills in the use of new technologies, their position on this issue
varies. A certain number of students, 28.57 percent cannot decide and put their opinion in a large
number of questions. This means that although they agreed that the given application was useful,
they were not convinced that it fits their needs.
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B. Opinions about the application

After completing the coursework, students expressed their opinion on the most sensitive and most
negative aspects of the application.
As the most positive aspects, they stated:

Ease and simplicity,
Interactivity,

Interest,

Facilitates learning and
Virtualization.

According to the answers, the most negative aspects were:
* QR code is not being scanned,
= The application can crash,
= Slowness,
= Taking a lot of device storage space.

In the further stage of the research work, and the development of applications of expanded creativity
for educational purposes, the answers of students who could not decide when it comes to needs and
expectations, save time, easier tasks, in particular with the aim of improving the application as well as
more successful and more efficient educational process.

5. CONCLUSION

The evaluation was conducted during practical lessons with undergraduate students in the course of
the Internet of Things. Testing was done with a small group of students. The results showed that the
application of augmented reality, used in conjunction with the game model, has the potential for
implementation, that students considered it useful and fun, and that it contributes to their knowledge,
as well as the quick and easy overcoming of the subject material. It also provided guidelines and
suggestions for improving the application of augmented reality in widespread use in the educational
process. In addition to improving the technical aspects of the system, the future work will be directed
towards the development of a larger number of tasks, further integration with Moodle and complete
technical and educational assessment of the system.
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