
1. Introduction

The idea of developing a city guide in the 
form of an educational app game for smart-
phones that could be used to learn the topo-
graphy and history of the city was born in 
response to an analysis of the market for this 
type of software and the fact that the sense of 
direction of contemporary people, especially 
younger ones, is worsening. The most widely 
available mobile phone apps do not require 
much of intellectual effort from their users, and 
are even less demanding in terms of physical 
activity, despite the fact that modern phones 
are equipped with many sensors and receivers, 
such as GPS, gyroscope, compass, accelero-
meter or camera, which make it possible to 
explore one’s surroundings in a completely dif-
ferent way than a traditional guide.

The idea to give the city guide the form of 
a multi-sensory1 mobile application, making it 
an educational outdoor game, places it within 

1 The concept of the application assumes involvement 
and activation of several sensory channels to process infor-
mation acquired during the game, which involves visual, 
auditory and kinaesthetic modalities.

the growing field of edutainment tourism publi-
cations2, i.e. ones which combine entertainment 
and knowledge (A. Stasiak 2013). The appli-
cation was created for two groups of users: 
tourists who are not opposed to active ways of 
learning about new places, and city residents 
who like to spend their free time in an active 
way. These two groups of users – tourists and 
residents – differ in their level of interest in the 
city. After all, local residents will be less intrigued 
by this type of application, as contact with places 
that they see every day will provoke weaker 
emotional reactions in them than in tourists 
who are additionally affected by novelty. There-
fore, the main research question posed for this 
project was as follows: what features would 
the application have to offer to encourage both 
local residents and visiting tourists to use it in 
an equal measure? Naturally, other more com-
plex questions followed: what elements should 
the game scenario contain, and what mecha-
nics should be used in the application for the 

2 Edutainment is a term used to describe a skilful combi-
nation of knowledge and entertainment, the nature of which, 
according to A. Stasiak (2013), is best expressed by the 
Polish saying: “to teach by entertaining, and entertain by 
teaching”.
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final product to entertain but also fulfil its edu-
cational role, and, in turn, for the educational 
element to engage the recipient not only intel-
lectually but also physically? 

Such fields as psychology, theory of infor-
mation transfer, and computer science were 
mined for solutions for stimulating the thought 
processes of tourists and local residents, and 
maintaining their level of engagement (both 
mental and physical). Two following models 
proved to be helpful: the triad of tourist expe-
riences (3E) – education, entertainment, exci-
tement (A. Stasiak 2015) and the hierarchy of 
needs of Abraham Maslow (2006).

Achievement of the cognitive goal means 
acquisition or deepening the app users’ know-
ledge of the history of the place, as well as im-
proving their spatial and analytical skills. The 
set goal of the app involved implementation of 
a universal prototype, which verified the feasi-
bility of the employed technological solutions.

Due to the social (non-commercial) nature of 
the application, the project assumed the widest 
possible use of non-commercial IT tools. Tests 
of various substantive and technological solu-
tions were conducted on the basis of the city of 
Lublin, the biggest university city of Eastern 
Poland, with population of over 300,000 people 
and more than one million tourists every year.

2. Technology and spatial data

The project’s purpose was defined as recre-
ational and educational, stimulating physical 
and mental activity of selected groups of reci-
pients, and Lublin was indicated as a test area, 
which allowed to not only develop the game’s 
idea and scenario, but also determine the se-
lection of technological open source software 
solutions. A detailed analysis of solutions avail-
able on the market, taking into account their 
prices and popularity among recipients, had 
been conducted before the final selection of 
technological solutions was made.

2.1. The operating system of the prototype

Over 84% of all mobile devices support Android 
system, which has many compatible versions 
(https://www.idc.com/promo/smartphone-mar-
ketshare/os). Android is a continuously devel-
oped product, and its subsequent versions 
introduce additional features. The popularity of 

devices which use this system was the decisive 
factor for selection of Android for implementa-
tion of the project.

The high level of availability of the Android 
system is important not only for the user, but 
also for the programmer, because of the need 
to test prototype IT solutions on at least several 
different devices3. 

2.2. The prototype engine

When choosing a game engine4, it is crucial 
to provide the optimal tool to achieve the design-
ated goals. The two most popular programmes 
offering platforms with game development com-
ponents are Unity and Unreal Engine. Unity is 
easier to use than Unreal Engine and offers 
a more extensive base of components to pro-
grammers with limited experience in creating 
models and soundtracks (https://docs.unity3d.
com/Manual/index.html). Unreal Engine has 
a more complicated user interface and requires 
the programmer to know the harder programming 
language, C++, whereas Unity requires know-
ledge of C Sharp, which is an easier language. 
Therefore, Unity was chosen to achieve the 
goals set in the introduction, as a more appro-
priate tool for the inexperienced programmer.

The Unity engine allows for creation of 2D 
and 3D games, and it can be used with many 
operating systems, such as Microsoft Windows, 
macOS, and Linux. It makes it possible to create 
games on more than 20 different hardware 
platforms, including Android, Linux, Oculus Rift, 
or web browsers. The engine offers a platform 
(Asset Store) which includes such components 
as sounds, graphics, and ready-made pro-
gramming solutions. 

2.3. Graphic design

Graphic design of the game is responsible 
for the user’s first impression of the product 

3 The tests can also be performed on virtual emulators, 
i.e. programmes that simulate the operation of selected de-
vices and allow to choose the appropriate one. However, 
emulators have many imperfections, e.g. it is impossible to 
test cameras and other sensors using emulators, therefore, 
in many cases, the use of a real device is still necessary.

4 The game engine is the main part of the computer 
game’s code, which is responsible for such elements as 
graphics, interactions between objects, and sounds.

https://www.idc.com/promo/smartphone-marketshare/os
https://www.idc.com/promo/smartphone-marketshare/os
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and is the decisive factor for the user’s interest 
in the game. Beginner game developers usually 
use websites that provide ready-made graphics 
solutions.

Flaticon is one of the websites that support 
people interested in creating mobile applica-
tions. It collects, stores, and shares Flat Design 
style graphics. The site has approximately 
1,200,000 icons, divided into almost 24,000 
groups, representing various thematic catego-
ries. The website is free to use in its basic, 
standard scope, but if you want to customise 
any graphics to fit your specific needs, you have 
to pay for it, as it constitutes a non-standard 
service. The application should include a tab 
listing the authors of the used graphics (https://
www.flaticon.com/). Flat Design is one of the 
most commonly used styles in web design and 
is widely used in touch screen mobile devices. 
The three main reasons for the robust devel-
opment of this graphic design style include its 
simplicity and intuitiveness, the fact that it is an 
ideal fit for responsive5 and adaptive6 design, 
not to mention, its self-perpetuating popularity. 
This design style reflects the main trends in 
the design of Google web services and Android 
applications (J. Cao et al. 2015). 

2.4 Augmented reality tools

ArCore is software that allows for implemen-
tation of augmented reality (AR) technology in 
applications designed for mobile platforms that 
analyse the camera recordings taken by the 
device for the purpose of recognising images 
and planes in real time. According to Ronald T. 
Azuma (1997), the Augmented Reality System 
combines real and virtual elements, is interactive 
in real time, and indexed in three dimensions 
(cf. H.K. Skórska 2017). This functionality allows 
to position virtual objects in relation to the real 
world. Thanks to an algorithm which operates 
in real time, the virtual object remains in rela-

5 The use of Responsive Web Design ensures that the 
prepared website will adapt to the browser and device con-
ditions on which it is displayed, will look good regardless of 
the browser used by particular users, by changing the size 
and arrangement of individual elements of the site, along 
with its resolution. 

6 Adaptive Web Design ensures that the website is dis-
played in the best possible quality. It requires preparation of 
several (usually 5 or 6) versions of the site in different reso-
lutions. 

tion to the real object, seen on the user’s screen, 
creating an impression that it is part of the real 
world. 

ARCore supports many types of 2D gra-
phics, and 3D models, and offers an option of 
positioning virtual models without a prior detec-
tion of an image or object. It allows for attaching 
a virtual object to a plane or marker. The built-in 
algorithm corrects the position of the virtual 
object on the basis of data received from the 
device’s sensors (gyroscope, accelerometer), 
ensuring that the user’s movements do not 
change the location of the object in the real 
world. ARCore has APIs (Application Programm-
ing Interfaces) for C++, Java, and C#, as well 
as a special extension for the Unity engine. 
This solution allows the programmer to create 
applications that offer a chance to experience 
augmented reality on the Android platform. 
ARCore’s strength is the undemanding proce-
dure for placing new 2D and 3D objects in the 
real world. Any application created in Unity in 
the above-described way can be launched on 
all devices with Android operating system, ver-
sion 7.0 or newer (https://developers.google.
com/ar/discover).

2.5. Spatial data 

In the last several years, the amount of spa-
tial data available via the Internet has been 
significantly increasing. The phenomena is linked 
to availability of various location services and 
computer tools that allow for creation of one’s 
own thematic maps (P.J. Kowalski 2007, D. Gotlib 
2008, K. Król 2015, K. Król, L. Szomorova 2015). 
The choice of an appropriate spatial data source 
for the application is determined by the software 
used for creation of the game. There are many 
services providing spatial data, but only the 
following were taken into account for the pro-
ject: Google Maps, Open Street Map, Geopor-
tal 2, and Mapbox. 

Google Maps is one of the most visited map 
services in the world, and Google search engine 
has been at the top of popularity charts for 
years, according to the Alexa website (https://
www.alexa.com/topsites). The service and its 
possibilities have been widely discussed in the 
literature of the subject (Ł. Halik 2011, K. Król 
2015). In turn, Open Street Map (OSM, open-
streetmap.org) is the most popular social net-
working site that allows for creating and using 

https://developers.google.com/ar/discover
https://developers.google.com/ar/discover
https://www.alexa.com/topsites
https://www.alexa.com/topsites
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spatial data resources. OSM is a global project 
and its goal is to create a publically available 
map of the world. Its open nature is a specific 
feature of the project’s design. The literature of 
the subject includes many a publication on the 
quality of its data, the vast majority of which 
concern urban areas (M. Haklay 2010, J.-F. Gir-
res et al. 2010, S.S. Sehra et al. 2013, J. Nowak 
Da Costa et al., 2016, S. Marczak 2015, 2017). 
The Geoportal 2 project (geoportal.gov.pl) is 
the result of implementation of the European 
initiative INSPIRE in Poland and it is being 
created in accordance with the Act on Spatial In-
formation Infrastructure. It allows for combining 
spatial data sets coming from various govern-
ment resources into an integrated set, which is 
made available to the public. As in the case of 
Google Maps and OSM, the literature of the 
subject includes also a thorough assessment 
of the resources and functionality of Geoportal 2 
(D. Dukaczewski, E. Bielecka 2009, M. Ślusarski 
2012, A. Dawidowicz et al. 2014) 

Ultimately, it was decided that the right choice 
for the project is Mapbox (mapbox.com/maps/). 
It is an Internet platform for creating on-line maps, 
equipped with tools for designing and publishing 
maps based on open source software and open 
data, e.g. from Open Street Map resources. In 
this case, no additional software has to be down-
loaded to view maps, and all the needed tools 
are available from the level of Mapbox (C. Ca-
denas 2014). The platform makes it possible 
to display data with full adaptation of graphic 
elements (symbolization modification, and gen-
eralization) to the user’s needs (https://www.
mapbox.com). The Unity engine has a dedicated 
MapBox plug-in that allows to add a world map 
to the developed application. 

3. Game scenario, and course of the game 

The plot of the game consists of several 
phases. Its main character is the user who is 
introduced to the game process after creating 
an avatar that represents them7. At the beginn-
ing of the game, the user determines the ap-
pearance of their virtual representative, selecting 
individual elements from the prepared base.

After creating the avatar, the virtual partner 
explains the goal and course of the game to 

7 Avatar is a virtual character that symbolises the player.

the user with the help of short messages, and, 
afterwards, moves them to the main menu. 
Here, the user decides to start the game (or 
checks the status of the interrupted game) 
and, after moving to the next screen, selects 
one of the proposed tasks. The task is to find 
a historical object located in the city.

At the start of the game, a city map is display-
ed and the avatar provides information about 
the place where the game begins. For example, 
when the route starts before the entrance to 
one of the shopping malls, the message reads: 
“You will never want for anything. Clothes, food, 
entertainment. The slender columns will show 
you the way.” The user learns the route to their 
destination during the game – an indicator on 
the screen shows the user the estimated distance 
from their goal and monitors whether they are 
moving in the right direction. While performing 
the task, the user takes advantage of hints dis-
played on the screen, using the features of 
field objects.

When the player reaches their destination, 
the screen displays a message confirming that 
the object has been found. A moment later, 
the user’s device’s camera activates and the 
augmented reality screen appears. To complete 
this stage, the user needs to find an indicated 
graphic target, e.g. a road sign, store logo, 
clock, etc. Information about the target is dis-
played on the screen. When the user finds the 
target and points their camera at it, the screen 
will display the virtual mechanism of the logical 
puzzle in relation to the real world (fig. 1). 

To complete the task, the user has to solve 
the puzzle related to the found object. The 
puzzle can consist in arranging blocks to match 
their colours, connecting dots in the correct way, 
or answering a quiz question. As a reward, the 
player receives points and a brief historical de-
scription of the object. If the user has any diffi-
culties with solving the puzzle, they can consult 
the avatar. However, this operation reduces 
the number of points awarded for completing 
the entire route. After solving the puzzle and 
receiving the points, the user gets a hint on 
how to get to the next destination, which is 
e.g. the main city hall. The procedure is then 
repeated until the entire route is completed. 
The reward screen with a summary of the results 
is displayed at the end of the game. Then, the 
user moves to the map view on which the already 
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located objects are marked, and can start a new 
round.

The objects found during the game create edu-
cational trails with historical themes, e.g. “World 
War II” (objects and places referring to this 
event), “The Authorities” (objects referring to 
the history of the city’s authorities), “Culture”, 
“Belle Époque”, “The Interwar period,” etc. Some 
objects are included in more than one trail, but 

the information provided to the user is always 
focused only on one context. Each route is linked 
to a set of logic puzzles, whose graphics and 
content are adapted to match the route’s theme. 
All information is grouped and can be displayed 
in the map view (fig. 2).

3.1. Preparation of a city map

When preparing the application, develop-
ment of a new city map was also initially consi-
dered. However, the use of a self-made map 
would create the need to perform complicated 
conversions of the actual position of the player 
in the WGS-84 coordinate system into the si-
mulated Cartesian space used in Unity, which 
could potentially generate erroneous results. 
The issue was solve by using the Mapbox tool, 
which has been developed for the Unity engine, 
and allows for dynamic generation of the map 

and adding one’s own graphic elements in the 
indicated coordinates.

The coverage of the generated map is limited 
to the area where the game is played. The con-
tent of the map and its graphic design scheme 
were adapted to the purpose and functionality 
planned for the application. The basic elements 
of the map are objects of historical significance 
and pedestrian routes (streets, squares, pro-

menades, alleys, passages between buildings, 
paths, and courtyards, etc.), because during 
the game the user will search foremost for 
spatial objects and will have to determine the 
shortest path to reach their destination. If users 
are to be able to determine the shortest route, 
a detailed picture of pedestrian routes has to 
be provided on the map, because the player 
will use every opportunity to get through to their 
destination. As the application not only empha-
sises historical education, but also aims to im-
prove the user’s sense of direction, when 
developing the content of the map, great care 
was taken with representation of topographic 
elements that can help the user figure out where 
they are in urban space, such as monuments, 
squares, characteristic shops, churches, etc.

The application uses a mechanism of dyn-
amically adjusting symbols which adapt to the 
changing scale of the map. Symbols on a larger-

Fig. 1. Virtual view of the logical puzzle in relation to the real world
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-scale map should show the features of the 
object described in the hints, e.g. by colour 
differentiating objects on the basis of their height 
expressed in a number of floors, or, in the case 
of a symbol representing a specific object, the 

sign object should refer to its charac-
teristic features, e.g. its architectural ele-
ments.

3.2. Adaptation of the application 
to the perception and physical 
capabilities of users 

Determination of the characteristics 
of the app’s recipients and adapting it 
to their perceptual and physical abilities 
was one of the project’s more detailed 
objectives. As the goal is to reach users 
from fairly broadly selected target 
groups (tourists and local residents of 
different ages), it is necessary to antici-
pate and solve many substantive and 
technological problems arising from 
such issues as different levels of gen-
eral knowledge, perceptions of the envi-
ronment, skills in mobile phone usage, 
and physical fitness, etc. For example, 
not everyone will understand references 
to contemporary popular culture or local 
traditions. The same applies to the sti-
muli or gestures related to information 
technology, such as sliding one’s finger 
from the right to the left edge of the 
screen, spreading two fingers on the 
screen to zoom in, shaking the phone, 
or tilting it. If the user is unfamiliar with 
such phone features as the gyroscope 
and accelerometer, they may feel lost. 
Lack of knowledge of the principles of 
augmented reality technology or navi-
gation can significantly hinder or even 
prevent the user from enjoying the game. 
Hence the implementation of optional 
tutorials to help understand gameplay-
-related issues. 

The problem resulting from different 
levels of general knowledge about the 
city was solved by making sure that logic 
puzzles refer only to the knowledge pro-
vided during the game. Furthermore, 
any potential problems related to moving 
within urban space were solved by for-
mulating hints for the sought locations 
by referring to them only with the offi-

cial names that are identified in the field.
In turn, the problem related to physical fitness 

was solved by limiting the distance between 
successive points of interest (POI). In the im-

Fig. 2. A sample map view
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plemented project, the distances covered by 
the user do not exceed two kilometres, because 
if greater distances were used, the application 
would have to provide information about urban 
transport and include additional stimuli, keeping 
players engaged in the game while waiting for 
or travelling in a chosen means of transport.

3.3. Maintaining a high level of engagement 
in the game

The hierarchy of needs proposed by A. Ma-
slow (2006) prioritises the basic needs that 
every human being tries to meet in their life. 
The concept of the game and application is based 
on the knowledge of some of these needs – 
the need for belonging, recognition, respect and 
self-fulfilment. A well-designed game is received 
in a multi-sensory manner, as it contains a num-
ber of programmed mechanisms that directly 
or indirectly affect the user, encouraging them 
to continue or even restart the game. In accord-
ance with modern leisure time trends, the 
most important result of the game should be 
the user’s satisfaction with the entertainment 
experience, the resultant of which is education 
(A. Stasiak 2011, 2015). The solutions adopted 
in the application, together with an interesting 
gameplay, should meet the most important 
needs of the user who will have a good time 
while at the same time acquiring historical 
knowledge and improving their skills in map 
reading and their sense of direction.

Interactions, creation of groups, and mutual 
interests are the cornerstones of the lives of 
a large part of society. Cyberspace is also 
the place where groups are formed to share 
thoughts, conduct informal discussions, or tech-
nical dialogue (A. Naruszewicz-Duchlińska 2014). 
When creating a single-player game, the player’s 
need to belong to a group can be satisfied by 
adding an on-line forum that could bring users 
together in one on-line location, allowing them, 
for example, to solve puzzles or arrange a joint 
game. Maintaining interest in the game is faci-
litated by the section allowing for communica-
tion with the programmers. Its purpose is to 
allow for sharing opinions on the functioning of 
the application and logic puzzles. 

A chance to observe the process of gradually 
improving one’s result and climbing higher and 
higher on the scoreboard is an effective moti-
vator for further engagement with the game. 

The related need for recognition becomes even 
more important when the application imple-
ments many rankings or shows results of many 
players, e.g. one scoreboard highlights the 
leaders with the largest number of objects 
found, the other, those who spent the most time 
playing the game, while a different one presents 
only the achievements of local community 
members, etc.

The need for self-realisation is the last type 
of need that has been taken into account when 
developing the concept of the game and appli-
cation. By playing the game, each player gains 
historical knowledge about the city, improves 
their sense of direction, and logical thinking 
skills, as well as their ability to analyse and 
combine facts by solving logical puzzles. 

4. Programming 

Work on the application involves the devel-
opment of detailed documentation (J. Schell 
2014), planning of its mechanics, optimisation, 
unified nomenclature of classes, methods, and 
variables in the code. The names used must 
be unambiguous so that a reference to the 
method or variable does not require searching 
through the entire code (J. Schreier 2018). 

The programming architecture is inspired by 
the Model-View-Controller (MVC) design pattern, 
with the additional implementation of a double 
state machine. The main controller, which is 
also a state machine, controls the entire logic 
of the game. The user interface controller is 
responsible for the appropriate setting, while 
the virtual controller is responsible for the data. 
The gameplay is controlled by an internal state 
machine that performs the logic of the appro-
priate stage of the game. Figures which record 
e.g. the player’s progress are saved locally on 
the user’s device in a file encoded into JSON 
format. Because players do not compete directly 
with each other, no Internet access is required. 
After the game is over (before leaving it), all 
data is saved in JSON format on the device 
and loaded again once the game is restarted. 
The list of all achievements is an important 
addition, because, as already noted, it is the 
basis for maintaining a high level of interest in 
the game (E. Freeman et al. 2004). Because 
of the above, it was ensured that, as recom-
mended, the latest record was automatically 
loaded when starting the application, and, the 
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just-made progress was loaded when the device 
was turned off (R. Martin 2014). 

The game consists of a menu screen, city map 
screen, showing the location of the found objects 
and other elements of the game, while the ga-
meplay is based on searching for the target 
and the AR state in which the user solves the 
puzzle. In this case, it is beneficial to nest one 
state machine in another and thus gain control 
over the gameplay process. Still, if an error 
occurs, it is easy to locate. This solution en-
capsulates the mechanics and helps maintain 
order in the design. When a state machine is 
used, each state has its own object implement-
ing the logic of the segment. 

4.1. Technological description of the game 

To start the game, you need a city map, rules 
of the game, and an avatar. When the user 
clicks “start”, the state machine will use the 
state of the game and provide a reference to 
the model. After receiving the reference, the 
state will download the appropriate objects 
and carry out the initialisation. Based on the 
MVC pattern, three basic design elements will 

be created in the first phase (Unity does not 
offer ready-made design patterns).

The role of the view is played by the user 
interface controller, which is responsible for 
dis playing, turning off and animating interface 
elements. The key issue is to completely elimi-
nate game logic elements from the controller. 
In addition, the interface control class provides 
instructions on how to activate game appearance 
elements. At the start of the game, the main 
state machine instructs the interface controller 
to turn on the gameplay view, and the view, in 
turn, activates the gameplay using the reference 
(UIGame) and turns off the menu view (UIMenu). 

The main state machine of the gameplay 
can operate on the basis of two states. Each 
state is a class implementing an interface. For 
proper functioning, the state requires the use of 
three basic instructions (initialisation, update, 
and deinitialisation) (fig. 3). 

The graphic elements of the menu are activat-
ed during initialisation, and during the update, 
the programme waits for the player to start in-
teracting with the application. Using the option 
button, the main state machine sends a com-
mand to the interface controller to activate the 

Fig. 3. System architecture diagram 
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graphics elements responsible for the game 
settings. When the game starts, the menu sta-
tus is de-initialised, all graphics are turned off 
and a second state is activated after selecting 
the option to start the gameplay. The game-
play state has two functions – that of a state 
and that of a state machine. The state machine 
has two necessary instructions. When starting 
the second state machine, once the route is 
selected, the programme activates the game-

play stage, in which the player sees the city 
map and their location. Once the task is com-
pleted, the augmented reality state will activate 
automatically. When the player returns to the 
menu, the internal state machine will de-ini-
tialise all states and send notification to the 
main state machine that the gameplay is over. 
After receiving this notification, the main state 
machine deactivates the gameplay state and 
activates the menu state. In order to avoid in-
fecting the gameplay code with the remaining 
parts of the programme, the logic responsible 
for the gameplay will be stored in a special sepa-
rate object. The rules of the gameplay in force 
at the stage of using the city map, are different 
from those which are for the AR segment. 

The gameplay process consists of initialisa-
tion, loading data, executing the rules of the 
gameplay, deleting data, and deinitialisation 
(fig. 4). This division guarantees the transpa-
rency of the programme’s operations. The proper 
functioning is ensured by creating the class of 
base rules that all other classes of rules are to 
inherit from. 

The transfer of information between classes 
is an important element of the software’s ope-
rations. In the adopted schema, methods have 
been added to the UnityAction-type variable, 
which itself is based on the delegate, which 
are called upon when it is launched. For the 
purposes of the planned project, this system is 
used to record player statistics, but it required 
better adaptation to the project’s needs. The 
“observer” pattern was used for this purpose, 
as, according to the literature of the subject, it 
constitutes an effective solution (J. Albahari, 
B. Albahari 2018). A listener variable has to be 
identified in one class, and its inheritances in 
the second class to make it possible to use the 
system. Once the reference is provided, calling 
the method in this type of variable immediately 
results in calling the method in the interface 
inheriting class. Both systems can be used inter-
changeably in the game, depending on current 
needs. 

4.2. Gameplay mechanism 

Once the game opens, a menu screen ap-
pears which allows the user to start the game-
play. When the “start” button is used, it sends 
information about the gameplay’s start to the 
main game machine. Then, the game state is 

Fig. 4. Gameplay diagram 
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initialised, i.e. the gameplay rules are loaded. 
The user sees a screen with a map image, in-
formation about their location, and the first hint. 
The object storing hints and information about 
the route start and end points is also loaded at 
the same time. Then, the application enters 
the mode of tracking the player’s position and 
representing it on the map. The location is 
continuously checked in the WGS-84 coordi-
nate system and converted by Mapbox tool to 
the coordinates of the Cartesian system used 
in the engine. The exact distance between 
points and information on the angle is required 
to calculate the position (https://demoman.net/ 
?a=trig-for-games). With accurate location in-
formation, it is expect that the user’s distance 
from the destination will be smaller than the 
assumed margin of error. When the player 
approaches the target location at a sufficient 
distance, a method is called that decides to 
activate the puzzle (or redirect the player to 
a different destination). Switching to the AR 
mode activates the augmented reality camera 
and launches a logic puzzle. The map view 
returns when the puzzle is solved or the user 
gives up on solving the problem. The process 
is repeated until the entire route is completed, 
or the user gives up on the game. 

5. Conclusions

Planning and creation of a multi-sensory 
mobile application which is meant to be used 

in free time, but at the same time offers high 
cognitive values, combining mental and physical 
effort, is a very complex process. It is impossible 
to create an edutainment-type multi-sensory 
application without an in-depth multi-faceted 
analysis of intended recipients’ perception ca-
pabilities and needs, as well as some know-
ledge of and familiarity with the use of open 
source programming tools. The decision to 
emphasise the importance of the 3E model 
(education, entertainment, excitement) and 
Maslow’s hierarchy of needs for the project 
significantly influenced both the game scen-
ario and the very concept of the application. The 
user’s engagement with the game, which is 
maintained by various IT-controlled stimuli, 
results in acquisition of knowledge about the 
history of the selected places and improving 
the user’s sense of direction. It should be em-
phasised that this educational effect is a result 
of entertainment, and not the other way round. 

Development of the game prototype as uni-
versal base for similar implementations for 
other cities and testing it on the example of 
Lublin allowed for successfully completion of 
the project. Furthermore, the fact that the game 
was developed primarily with open source tools 
and in its cognitive aspect emphasises know-
ledge of local history and improvement of one 
of the basic skills, i.e. sense of direction, places 
the game among products with special signifi-
cance for society. 
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