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Abstract 

Subject of this dissertation that was the frame of an Erasmus mobility 

agreement, and was result of a study at the Laboratory of Interactive 

Technologies of the University of Patras, is the development of 

CulTrails application. This is a mobile device application to support 

definition and management of cultural trails.  

In recent years the use of mobile devices and technology has become 

essential when visiting a place of cultural heritage, since the users wish 

to receive advice on cultural places promptly, in situ. There is a dire 

need to connect the visitor with the heritage of a city. One possible 

approach to providing cultural information on points of interest, is to 

give the user detailed information in the form of connected points, the 

trails, an assemble of the points he wishes to visit, and this should be 

provided in a timely and relevant manner 

In this dissertation, we discuss an innovative solution to the problem of 

definition and management of cultural trails, in a form of a mobile 

application that allows the user to organize the different routes thanks 

to the connection with a management system of cultural trails, which 

has been designed and developed in a previous thesis. A full lifecycle 

of designing, development and testing of cultural trails is presented in 

this dissertation.  
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Chapter 1 

 

1. Introduction 
Nowadays, people are interested in travelling and visiting places all around 

the world, so planning the trip in order to know what is the most important in 

each place is a central aspect. A cultural trail can supply the visitor with a 

unique and satisfying experience because he can have information about 

the heritage of a town, city or village that he is visiting. Thanks to this, they 

can travel more comfortably visiting the most important points of a place.  

This project is a continuation of an earlier project developed at the 

University of Patras by Manso P. E., the ‘Cultural Trails Management and 

Development’, which allows the user to manage the information that is part 

of the cultural trail and encompasses all of it within the new technologies 

through a web application. In this project, the user will be able to use this 

information in a mobile application to follow routes, access information on 

certain points of interest and he is able to carry out an interaction with other 

visitors who are using the application. 

In this first chapter, I will take a brief summary of the main aspects of the 

project. First, I will describe what led me to carry out this project. Secondly, I 

will relate the methodology I have used in details to make the project. After 

that, I will define what are the main objectives of the project. Finally, I will 

explain in detail the structure of the whole document. 

 

1.1. Motivation 
This project has been made during my Erasmus exchange programme, at 

the Laboratory of Human-Computer Interaction Group of the University of 

Patras (Greece). When I arrived at the university, the supervisor of my work 

proposed me to continue with the work elaborated by a previous student. 

The project consists in making a mobile application that used the 

information stored in a database, and as in these days almost everyone has 

a smartphone or a tablet, I thought it was an interesting idea.  

Moreover, the app allows the user to organize the time and to know what is 

the most interesting in each place when they travel around the world and to 

know some information about the emblematic attractions or places. 

Therefore, this is a personal motivation to create a tool which can help 

people when they visit a place.  
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Furthermore, I want to know how to program a mobile application using 

multiplatform technologies and to improve my knowledge about 

programming languages such as JavaScript, CSS or HTML. 

Another important aspect is that the mobile apps act as the interface 

between the user and the users’ data and require uninterrupted 

connectivity, therefore the users are spending most of the time on their 

smartphones. So they get used to being able to read content in apps even 

when the network is off (offline mode). Offline mode allows the user to run 

the app, regardless of connectivity.  

Finally, working with people from other countries, reading information and 

writing this paper has allowed to me to improve my level of English.  

 

1.2. Objectives 
The main aim of this thesis is to elaborate a mobile app to help people visit 
a city following a route which is formed by a set of points of interests and 
attractions. This route can be adapted to their preferences and conditions, 
such as time or type of route.  

 
This main goal can be achieved through the following secondary objectives: 

1) To create a decent and simple user interface that allows people to visit 
a place receiving the information about the attractions and the points of 
interest most important of it.  

2) To create an app that allows to user to navigate and to follow the 
routes.  

3) To implement the option of interaction between users that allow to them 
to send messages or rating the different points of interest and trails. 

 
 

1.3. Methodology 
The work phases that have been carried out in this project are the following: 

 The initial phase that consists in reading the report of the 
application of the administrator, fully understanding the project and 
to know what are the main objectives 

 The research phase that consists in studying which is the platform 
where to carry out the application and which tools to use. In 
addition, I had to read about the different programming languages. 

 The design phase of the interface, which includes the development 
of the interface based on the study of other applications. In addition, 
I decided which frameworks are the best to develop the interface. 
This phase was carried out with a local server and was tested on a 
computer. 

 The implementation phase of the interface that consists in 
implementing the interface in a mobile device with a connection to a 
remote server in order to access the data. 
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 The design phase of the functionalities that consists in developing 
the functionalities of the application thanks to Cordova and AJAX 
connections with the remote server. The tests of this were carried 
out through PhoneGap Desktop. 

 The implementation phase of the functionalities that consists in 
building the apk of the application and testing the application in the 
mobile device. 

 The evaluation phase, which consists in checking the application. 
Some people may use interface and we will have to test if the 
performance is right 

 Report, which describes all these phases of work. 
 
 

1.4. Document structure 
The remaining structure of this document is as follows: 

 In the next chapter, Chapter 2, a brief review literature about the 

cultural trails in order to understand more precisely what the 

elements of a trail in our application are. Moreover, previous 

applications for visiting cities are exposed.  

 Chapter 3 describes the technology of the application and the tools 

used to develop the user interface.  

 Chapter 4 exposes the design phase, which includes the 

establishment of the requirements, how it is the database 

developed in the side of the administrator and the changes had 

been carried out to improve the performance of the application in 

the device mobile. 

 Chapter 5 shows development and implementation phase. The 

design of the interface and the operation of each part of the 

application are explained in detail.  

 To check the performance of the application and the management 

of it, an evaluation is carried out. The evaluation and the results are 

exposed in Chapter 6 

 Finally, Chapter 7 contains the conclusions obtained from this work 

and the future work. 
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Chapter 2 
 

2. Trail and tourism 
Trails and routes have been indispensable to travel and tourism over the 
centuries, helping to form the basis of mobility patterns of the past and the 
present. They provide a wide range of cultural and nature-based 
opportunities, where in most cases, trails and routes are seen by 
destinations as a tool for conserving natural and cultural environments. 
Therefore, in this second chapter, I will expose the concepts more important 
about the tourism and trails both. After that, I will indicate different 
applications which I have found out in Google Play Store and they have a 
similar requirement to my project. Finally, I will describe the concepts inside 
of my application and how they are used within this.  

 
 

2.1. Concepts about cultural trails 
The most important concepts carried out within will be described within my 

application, such as a route, a trail or simply that is a point of interest within 

a route.  

 

2.1.1. Trails and routes 
Trail are travel routes and settings for activities and experiences. Many 

users visit trails purely for recreation. Others use them more as a means to 

get from one place to another. There is no doubt that trails are extremely 

popular settings for recreation and valuable for transportation (Moore, R. L., 

& Shafer, C. S, 2001). On the another hand, another definition the trails 

could be that is essentially a visible linear pathway of many varieties, which 

is evident on the ground and which may have at its roots and original and 

historical linear transport or travel function (Dallen J. & W. Boyd, 2015). 

 

2.1.2. Paths or tracks 
Tracks are usually indicate narrow walkways that have been ridden or 

beaten by humans, animals, bicycles or other agents. They are a type of 

trail typically found in rural area, although many footpaths have also labelled 

in towns and cities, frequently in parks (Dallen J. & W. Boyd, 2015). 
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2.1.3. Points of interest or tourists attractions 
Tourist attractions are the most important part of the tourism system for 

without them people would have no place to go. Attractions include wide 

range of resource that allows to people to experiment a wide range of 

potentially, including pleasure, relaxation, education, religious obligation, 

health and wellness (Lew, A. A, 1987). 

 

2.1.4. Cultural Routes and heritage Trails 
They are probably the most popular type of tourist trail. There are organized 

ways for cycling, walking, driving or riding that draw on the cultural heritage 

of a region and provide learning experiences a visitor enjoyment. They are 

marked on the ground with guides and on maps that help guides visitors 

along their course (Dallen J. & W. Boyd, 2015). 

In general the cultural routes have purposes that provide considerable 

public enjoyment and recreation, both for residents and tourists: 

 These routes provide information and give relevance to certain 

places or historical events. 

 To provide an image improvement and elevated of place. There are 

many cities have used trails as a way of boosting the sense of place 

or getting better their image. 

 They have used in an economic field, it serves as promotional 

efforts. They can be used in advertisements and can be published 

in websites, in books or pamphlet. 

 They have used in a political area or other instruments to exercise 

power and persuasion.  

 

2.1.5. Types of cultural trails 
 

Organic cultural routes 

There are a few different varieties of organic cultural routes that are 

commonly used and promoted as tourism and recreation (Manso P. E. 

2017): 

 Trade routes: travels used as a commercial purpose to run away 

from home. 

 Explorer, settle and migration routes: routes used in previously 

centuries as migratory routes or settling routes. 

 Religious routes: routes that have a religious relationship such as 

walk to Mecca or Camino de Santiago. 
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Purposive cultural routes 

There are as many purposive heritage trail types as there are types of 

heritage resources which demonstrate some common characteristics and 

for which certain types can be identified based on their historical contexts 

(Manso P. E. 2017). Some of the ones are: 

 Short trails and historic sites and gardens.  

 Maritime routes. 

 Urban heritage routes. 

 Literary, film and music trails. 

 Industrial places. 

 Agriculture trails 

 Wine routes 

 Beer and whiskey trails. 

 Food trails 

 

2.2. Similar Applications  
Many people in the world use Smartphones and tables to travel and to walk 

tours, there are many apps related to walking routes and trails. In the 

beginning I have studied apps which have a same purpose as this project: 

 Culture Trip 

 Visit a City 

 mTrip Guides 

 CLIO Muse App 

2.2.1. Culture Trip 
Culture trip travel app allows you to discover intriguing and exiting things 

to do in your neighbourhood and around the world. 

Tipped by Forbes as one to watch in 2017, this travel app provides 

inspiring recommendations for every country in the world- you’ll never be 

short of things to do, places to visit or delicious food to eat (Culture Trip, 

2018). 

Features: 

 Recommendations for every country in the world. 

 Use the explore button to find things to do in your favourite 

locations as well as new destinations. 

 Bookmark posts you want to come back to. 

 One tap to share stories with Facebook, Twitter, Pinterest or 

Instagram. 

 Amazing restaurants near you, bars and pubs and markets to visit-

something for all kinds for culture lover. 

People explore the world’s culture and creativity through innovative 

technology and a global network of local content creators. 
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2.2.2. Visit a City 
This is a free mobile app to plan trips that works offline. The features of 
this application are (Visit city, 2014):  

 Free access to 1000+ travel guides created by experts. 

 Access to plans and maps via online and offline.  

 Easy navigation between the locations based on your personal 

plan.  

  Detailed guides that will help you find what to see and what to do.   

 

2.2.3. mTrip Guides 
This application is free and to allow to the user can visit the most 

important cities in the world and allow the information without connexion 

of internet since their homes (MTrip, 2017) 

 

Features: 

 100% offline. The app doesn’t need to connexion internet, except 

for sharing routes or possible updates. 

 Allow to the user travel guide with attractions, museums, 

restaurants, bars, hotels, theatres and shops with traveller 

reviews and ratings, pictures, rich travel info, prices and opening 

hours. 

 Allow to personalized trip itineraries. Automatically creates 

personalized trip itineraries according to your travel interests, 

place preference, trip dates, accommodation or personalized 

favourites. 

 Transfer the itinerary of the routes between devices and back 

them up online. 

2.2.4. CLIO Muse App 
Clio Muse is a SaaS (Software as a Service) platform to publish and 

resell your digital themed tours.  

The functionality of this app is classified in (CLIO MUSE PC, 2017): 

 Search. Discover nearby tours or search by the address of your 

next destination. 

 Download. Download a tour on your device and take it with you 

wherever you go without for Wi-Fi or 4G. 

 Offline Maps. Downloaded tours provided you with offline maps. 

Find out where you are on the map and see how to go to the next 

sight. 

 Shuffle. Using Shuffle you will discover hand-picked stories from 

random tours all over the world. 
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 Favourites. When a story touches you, give it a heart. This way 

you keep it in your favourites list and you will help other discover 

the most popular tours. 

 Off-site. You can access a tour before, during or after you visit at 

the tour’s location. 

 

 

2.3. Explanation of concepts in Cultural Trails 
Once that the general concepts about cultural trails have been explained, 

they need to be defined in the context of our application. First, cultural 

trails will be defined as the guide with routes and trails of cities, towns, 

villages, etc. that the user can receive from a distance and selected 

interests. Moreover, a route is composed by items, which can be nodes 

or links: 

 Node is a point of interest in the route path. 

 Link is the connection between two nodes. 

Each route is part of place that can be a city, town or village. 

Each route is with a type that is related to the information described in 

section 2.1 of this thesis (Figure 1). 

 

Figure 1. Type of routes 
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Chapter 3 

3. Technologies 
In the last years there are many programming languages, web applications 

and programs. Programming laguages play an important role within the 

modern era due to the use of these is greater because there are so many 

mobile devices. The project is formed by two interfaces, the administrator 

one and the user one. The administrator one has undergone minor 

modifications in this project and the part of the user has been created from 

scratch. The first part was implemented in a web page while the second has 

been created with Cordova that allows to implement to cross platform 

mobile apps using HTML5 and pure JavaScript. All the used software and 

programming languages are reported below.  

3.1. Architecture  
Application architecture (Figure 2) defines the interactions between 

applications, middleware systems and databases to ensure application can 

work correctly. The system CulturalTrail is formed by front-end and back-

end: 

 Front-end is everything involved with what the user sees, including 

design and some languages like HTML and CSS and is the practice 

of converting data to graphical interface for user to view and interact 

with data. In our case the front-end refers to the application that will 

allow the user to know the different points of interest of the user and 

follow different routes. The front-end has been created thanks to the 

plugin and Cordova Apache tool and different programming 

languages, such as HTML, CSS and JavaScript. Moreover, the 

different libraries formed our mobile application like bootstrap, 

framework7 or leaflet. In the following points it will explain all these 

tools and APIS in a clear and explicit way.  

 Back-end or the “server-side”, is basically how the site works, 

updates and changes. This refers to everything the user can’t see in 

the browser, like databases and servers. Back-end is a site that’s 

constantly changing and updates in real-time therefore it is 

necessary a person that can work continually like administrator. The 

back-end was created by Pablo Manso thanks to programming 

language (HTML, CSS, JavaScript, PHP) and he used like 

framework Bootstrap.  

The front end connects to the remote web server provided by the 

department of the Laboratory of Human-Computer Interaction Group of the 

University of Patras where the user obtains the data and stores in format 

JSON. 
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Figure 2. Architecture application 
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3.2. Programming languages 
Programming is the process of designing and writing a set of instructions for 

a computer in a language it can understand and it is a two-step process. In 

a first step, you need to analyse the problem and design a solution, and 

after that you need to express these ideas in a particular programming 

language on a computer. The programming languages are formal 

languages for encoding instructions that can be carried out by a computer. 

They use a set of instructions and rules that are used to perform tasks and 

it allows to control the performance and behaviour of computers or 

automatic machines.  Various instructions can be combined in an almost 

infinite number of ways to achieve the tasks we want to get.  

The programming languages are usually divided into three categories 

(Figure 3): machine languages, assembly languages and high-level 

languages (M. J., 2018). 

 Machine languages of a computer consists of strings of binary 

numbers (zeros and ones) and is the only one that is understood 

directly by the processors.  

 Assembly languages are low-level languages that are specific to a 

particular computer architecture. This have been largely replaced 

by high-level programming languages.  

 A high-level language, called also source program or source text is 

formed by a set rules of content, interpretation and meaning that 

prescribe the structure of the source text. It is determined by its 

syntactic and semantic rules. However, it is necessary the 

processor of a computer to translate this code through a compiler or 

an interpreter (Juhász & Korotif, 2011). This language is that we 

generally write a computer program or source text.  

 

Figure 3. Types of programming languages 

The compiler is a program that translates code written in a high-level 

programming language into low-level code (Assembly language) directly 

executable by the computer or another program such as a virtual machine.  
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The compiler treats the source program as a single unit and executes the 

following steps: lexical analysis, syntactic analysis, semantic analysis and 

code generation.  

 Lexical analysis. To segment the source text into lexical units are 

elements of the source text that have been recognized by the 

compiler. 

 Syntactic analysis. To check if the syntactic rules have been 

adhered correctly. 

 Semantic analysis. To check if the semantic rules have been 

adhered correctly before than the compiler create the executable. 

The object program is already in a low-level machine language, but 

it cannot be run yet. 

 Code generation. To create the executable program that will be 

placed into the memory by the loader. 

 

3.2.1. MLs (Markup Languages) 
A mark-up language is a language that annotates text so that the computer 

can manipulate that text. Most mark-up languages are human readable 

because the annotations are written in a way to distinguish them from the 

text itself. There are MLs that describe the structure of the different types of 

documents. To mark the structures of the documents, including the 

document itself, which is the main structure to be delimited, there are 

elements presented in form of pairs of labels, marks or tags with names that 

refer to the structure software of the document.   

Once the structure of the document is specified, it can be read and 

understood by software such as browsers.  

The most widely used markup language is HTML (HyperText Markup 

Language), which is the one used to specify the structure of our cross-

platform mobile application.  

 

3.2.1.1. HTML 

HTML is the basic markup language of all the web content. Originally, 

HTML was primarily designed as a language for semantically describing 

scientific documents. However, has enabled it to be adapted, over the 

subsequent years, to describe a number of other types of documents and 

even applications (Pieter S, 2003).  

It is the language for describing the structure and semantics of the web 

document content. It is based on a set of labels and tags that point the 

browser where it has to place the text, images, videos, etc. and how they 

look inside the document.  
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The metalanguage used to define HTML is SGML (Standard Generalized 

Markup Language), which is designed to generate a kind of descriptive 

markup. SGML was created with the aim of becoming the universal 

standard for the presentation of different types of documents. 

HTML is a simple language that is interpreted in the client side and which is 

based on the use of tags, consisting of an ASCII text enclosed with a pair of 

angle brackets (<>). 

The structure of a HTML document is defined by elements that are formed 

by three different parts: initial tag (<element>), content (<>content</>) and 

final tag (</element>). However, in some of them the final tag, the content, 

or both, are not required. Each HTML element tells the browser something 

about the information that sits between its opening and closing tags.  

HTML has properties that provide additional information about the contents 

of an element, called attributes, whose values can be by default, modified 

by the developer through a script. They appear on the opening tag of the 

element and are made up of two parts: a name and a value, separated by 

an equals sign (Duckett, 2012).  

An HTML document is delimited by opening tag <HTML> and by a closing 

tag </HTML> (5). Moreover, in an HTML document, we can distinguish two 

basic parts: 

 A header (<HEAD> </HEAD>), contains information about the page 

(rather than information that is shown within the main part of the 

browser window that is highlighted in blue on the opposite page) 

(Duckett, 2012). 

 A body (<BODY> </BODY>), contains whole the information is 

shown inside the main browser window (Duckett, 2012). 

In the Figure 4 shows an extract of some HTML code of the user interface 

created for this project. In the Figure 5 shows the result in the application. 

The style attributes thanks for CSS have been defined in an external file. 

  

 

 

 

        

 

 

  <div class="row separation-log"> 

     <div class="col-md-12 text-center ">    

       <div class="button-log"> 

         <a role="button" href="login.html" class="btn btn-

warning btn-padding-log"> Log in </a> 

       </div> 

     </div> 

</div> 

Figure 4. Extract of HTML of the user interface 
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Figure 5. Result of the code in the application 

3.2.1.2.  CSS 
The style sheet facilitates the control of the presentation or style of the web 

pages, and their subsequent revision and update if necessary. CSS 

(Cascading Style Sheets) is the style sheets in cascading and is the default 

language for the design of the web pages. Style sheets separate the design 

part and the structure part, and it help to modify or to revise the code 

without affecting the complete code (W3Schools CSS, 2018) 

At first, each HTML tag has associated its own style attributes by default to 

display the contents. However, by using style instructions you can modified 

these attributes. It is possible that many web documents are linked to the 

same style sheet.  

CSS works by associating rules with HTML elements. These rules govern 

how the content of specified elements should be displayed. A CSS rule 

contains two part: a selector and a declaration. The selector indicate which 

element the rule applies to. The same rule can apply to more than one 

element if you separate the element names with commas. On the other 

hand, the declaration indicate how the elements referred to in the selector 

should be styled (Duckett, 2012). 

The authors can establish the style of application or web page of three 

different ways:  

 To include style instructions inside the initial tag of the elements. 

 To add own style inside of the tag of HTML. Including the 

instructions of style in the header of the HTML document. 

(<STYLE> </STYLE>). 

 Linking the HTML document to an external style sheet that contains 

the definition of style.  

CSS style sheets support features such as flexible placement of style 

information, independence of specific style syntax, combination of various 

sources of information or how to indicate alternative styles. Examples of the 

style properties are size, colour, background, position, etc. In the Figure 6 

shows code CSS of the user interface where the code adds a box in the 

application. 

 

  

 

.box { 

    width: 100%; 

    border: 1px solid orange; 

    padding: 0px; 

    margin: 0px; 

} 

 

Figure 6. Extract of code CSS of user 
interface 
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3.2.1.3. Boostrap 
For the design of the administrator’s interface I have used the framework 

Bootstrap, which is the most popular HTML, CSS, and JS framework for 

developing responsive, mobile projects on the web. Bootstrap is 

programmed to support both HTML5 and CSS3.  

Bootstrap is an open source toolkit for developing with HTML, CSS and JS 

and is completely free to download and use. It is important for developing 

web faster and easier and it allows to create web sites which automatically 

adjust themselves to look good on all devices, from small phones to large 

desktops. Responsive design makes it possible for a web page or app to 

detect the visitor’s screen size and orientation and automatically adapt the 

display accordingly. Bootstrap includes user interface components, layouts 

and JS tools along with the framework for implementation. The software is 

available precompiled or as source code (W3Schools Bootstrap, 2017).  

In order to work with bootstrap we need libraries (Figure 7) that are included 

in our project. Once they are included we can use the API (Otto & Thornton, 

2017). 

 

 

 

3.2.1.4. Framework7 
For the design of the user’s interface I have used the combination the 

framework Bootstrap with the framework Framework7, which is an HTML 

framework for building iOS and Android apps and one of a set of open-

source libraries and solutions. It is also an indispensable prototyping apps 

tool to show working app prototype as soon as possible in case you need 

to.  

The main approach of the Framework7 is to give you an opportunity to 

create iOS & Android apps with HTML, CSS and JavaScript easily and 

clear. It is definitely to build iOS or Android hybrid app (Phonegap) or web 

app that looks like and feels as great native iOS and Google Material apps 

(Kharlampidi, 2016).  

In order to work with Framework7 we need libraries (Figure 8) that are 

included in our project. Once they are included we can use the API.  

 

  

 

 

<link href="css/bootstrap.css" rel="stylesheet" /> 

 
Figure 7. Libraries of Boostrap 

    <link rel="stylesheet" href="css/framework7.material.min.css"> 

    <link rel="stylesheet" href="css/framework7-icons.css"> 

    <link rel="stylesheet" href="css/framework7.material.colors.min.css"> 

 

Figure 8. Libraries of Framework7 



Cultural Trails Management and Development  Jorge Gómez Buena 

 

22 
 

 

3.2.2. PHP  
PHP is a popular general-purpose scripting language that is especially 

suited to web development. It is an interpreter programming language, 

whose commands are execute on the server and allow the creation of 

dynamic HTML documents. It is fast, flexible and logical. It has a similar 

syntax to other programming languages such as C, Perl, Java or 

JavaScript.  

PHP is open source where the user can use, modify or distribute the code 

and it is characterized by its power, versatility, sturdiness and modularity 

(PHP, 2001).  

Other advantages are that it allows the connexion with a multitude of 

database management systems such as MySQL, PostgreSQL or Oracle.  

In the administrator’s interface the code is inserted into HTML generating a 

dynamic web page, where he user clicks a link that corresponds to an 

HTML document, which contains PHP code and the browser request the 

corresponding web server. Then, the web server locates the document, 

detects that it contains PHP code and makes operate the language 

interpreter.  

In the user’s interface the code is inserted into of PHP files where the 

application with AJAX requests to apply the information that the app need of 

the database. Then PHP connect with the database and with different 

request to get the information for the mobile application. The process of 

getting this information:  

 The application with AJAX request to apply the information to web 

server. 

 The web server locate the document with PHP code and makes 

operate the language interpreter.  

 The interpreter executes the PHP code and generates the result in 

JSON format that is returned to the application for the visualization.  

To insert PHP code in a document it is necessary to put the tags <?php and 

?> or <? And ?> as delimiters. In the Figure 9 shows a document PHP that 

is used in the user’s interface where the code access to the different 

variables send to web server with the super global variables $_POST, 

where it sends the data through the URL.  
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PHP allows the application to connect with the server and extract, edit, 

delete or create information in the database. I have used PHP language to 

programme the interaction between the server and the databases because I 

have used this language in previous projects and it has multiple 

advantages.  

 

3.2.3. jQuery 
jQuery is a JavaScript that allows web developers to add extra functionality 

to their websites. It is open source and in recent year, jQuery has become 

the most popular JavaScript library used in we development.  

To implement jQuery, a web developer simply needs to reference the 

jQuery JavaScript file within the HTML of a webpage. Once the jQuery is 

loaded (Figure 10), a webpage can call any jQuery function supported by 

the library. Common examples include modifying text, processing form data, 

moving elements on a page, and performing animations. All the advantages 

of JQuery can be obtained for free, because it is only necessary to include 

the JavaScript script that contains the JQuery code.  

 

 

 

JQuery is a JavaScript library with large amount of functions, as for 

example HTML document traversal and manipulation, event handling, 

animation, and Ajax much simpler with an easy-to-use API that works 

across a multitude of browsers(JS Foundation, 2018). 

In this project I have used this framework in my project because it is an 

open source and I need the libraries of AJAX for doing request to the 

server.  

<?php 

             include 'conexionBD.php'; 

             $response = array(); 

             $email=trim($_POST['email']); 

             $password=trim($_POST['password']); 

             $renewpassword=trim($_POST['renewpassword']); 

             $newpassword=trim($_POST['newpassword']); 

 

            //To verify the fields 

             if(($password=='') or ($newpassword=='') or 

($renewpassword=='') ) 

            {  

                $response['status'] = 'empty'; 

            }  

?> 
Figure 9. Extract of PHP code 

<script type="text/javascript" src="js/jquery-2.1.1.min.js"></script> 

 

Figure 10. Library of jQuery 
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3.2.4. Ajax 
Ajax allows to read data from a web server after the page has loaded, 

update a web page without reloading the page and send data to a web 

server in the background.  Ajax engine acts as an intermediate between the 

user interaction to the browser or application and the server system 

(W3Schools AJAX, 2018). 

In the traditional web application, the browser communicates the server 

directly. When the user requests for a page for the first time, the server 

sends full html and CSS code at once. Now if the user makes a new 

request from the page then the server processes the information, rebuilds 

the page and sends the full page back to the client browser.  

In case of using Ajax, the full page is loaded only once when it is requested 

firs time. Ajax engine, as an intermediate, takes the request for small 

segment of the page, which then requests information from the web server 

asynchronously. The requested data is collected in the background without 

interfering with the whole display and behaviour of the existing page (Java 

Jazz Up, 2008).  

 

Figure 11. How Ajax works (Java Jazz Up, 2008) 

I have used Ajax because it is the best way to get data from the server side 

asynchronously and in the background of the application. All the request 

responses that are carried out in the user application return the data in 

JSON format. There are different Ajax requests in the application:  

 To send data to the server to be processed or to obtain information 

from that data. The information sends with the POST method and in 

JSON format. The example in the Figure 12 is when the user 

makes log in the application. 

 

 

 

 

 

           $.ajax({ 

               url: "http://hci.ece.upatras.gr/cultrails/comprobar_login.php", 

               type: 'POST', 

               data: {'action':'login','email':email,'password':password}, 

               dataType: 'json', 

               success: function (data) { 

} 

 

                     }); 
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 To apply information from side server as for example to get all routes 

of the application (Figure 13). 
 

 

 

 

 
 

3.2.5. JavaScript 
JavaScript is a script language. A script done in this language can be 

introduced in a HTML document providing interactivity to the website. An 

example of the JavaScript functionality is provides a mechanism to detect 

and deal with events, as clicking with the mouse or sliding the pointing 

device over an area (JavaScript.com, 2016). 

It is supported by most web browsers including Chrome, Firefox, Safari, 

internet Explorer, Edge, Opera, etc. Most mobile browser for smart phones 

support JavaScript too. It is primarily used to enhance web pages to provide 

for a more user friendly experience. These include dynamically updating 

web pages, user interface enhancements such as menus and dialog boxes, 

animations, 2D and 3D graphics, interactive maps, video players, and more. 

This mode of JavaScript usage in the web browser is also referred to as 

client-side JavaScript.  

JavaScript is language interpreted by the client side and, therefore, to 

process an event communication with the server is not necessary. This 

allows, for example, filtering the information collected in a form before 

sending it to and storing in a database.  

To include JavaScript in the code is necessary to insert into HTML 

document. There are different ways for including the code in the document:  

 To use HTML tag <SCRIPT>. 

 To use event handlers.  

 To use JavaScript URL.  

Figure 12. Ajax code sending data 

$(function(){ 

                       $.ajax({                                       

                           url: 

'http://hci.ece.upatras.gr/cultrails/getAll_routes.php',                                                         

                           dataType: 'json',                //data format       

                           success: function(data)          //on recieve of reply 

                           { 

 

                              alert(data[0].name); 

                              alert(data[0].long_description);                                                               

}  

                         }); 

                     }); 

 

Figure 13. Ajax code receiving data 
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JavaScript has a wide range of uses such as screen visual effects, calculate 

the data on the web pages, to validate form data or to show alert messages 

for the user. In this project JavaScript has been used creating different 

functions that allows to validate the personal information of the user, to do 

request AJAX or functions of geo-location. An example of that use can be 

seen in the Figure 14. 

 
 

 
 

 

 

 

 

 

 

3.2.6. SQL 
Structured Query Language (SQL) is a standard computer language for 

storing, manipulating and retrieving data in relational databases. SQL is 

used in web applications and mobile applications to query, insert, update 

and modify data. We have used a wide database to operate in the 

application.  

SQL is a query language that is formed by four important categories 

(Janssen & Janssen, SQL 2018): 

 Data query language (DQL) is used to make queries whic is divided 

into SELECT, FROM, WHERE and ORDER BY.  

 Data manipulation language (DML) is used to obtain, delete, update 

and add data in the database. This component is formed by four 

sentences: UPDATE, DELETE and INSERT.  

 Data definition language (DDL) is used for the creation and 

destruction of tables in the database. This component is formed by 

two sentences: CREATE and DROP.  

 Data Control Language (DCL) is used to assign and revoke 

database rights and permissions.  

There is a SQL standard, but the SQL languages that the main RDBMS 

(Relational Database Management Systems) implementing are not the 

same. These systems differ according to two characteristics:  

function validateForm () { 

      var email= document.forms["form_login"]["email"].value; 

      var password= document.forms["form_login"]["password"].value; 

      var re = /^\w+([\.-]?\w+)*@\w+([\.-]?\w+)*(\.\w{2,4})+$/; 

        if(email == ""){ 

          alert("Email must be filled out"); 

          return false; 

        } 

        else if (password== ""){ 

          alert("Password must be filled out"); 

          return false; 

        } 

        else if(!(re.test(email))){ 

          alert("Address email "+  email+" is not correct"); 

          return false; 

        } 

        else{ 

          return true; 

        } 

      } 

Figure 14. Extract of JavaScript code 
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 The SQL standard is quite difficult of understanding and 

implementing in a global context is not practical at all.  

 The SQL providers have a totally different product from the rest.  

In the project, I have used to follow working with SQL because I have 

knowledge of it and the databases of web application of administrator is 

carried out with the programming language SQL. In the mobile application I 

have manipulated the databases for getting the data or modifying it. 

Moreover, together with PHP and AJAX, SQL provides a useful tool to 

interact with a database. Some examples of the project are shown below.  

The Figure 15 shows how the mobile application is able to get the 

information of the database. To do this, it is used SELECT of the category 

of DQL.          

   

 

 

 

The Figure 16 shows the creation of a new user in a table of the database. 

To do this, it is used INSERT query of the category DQL. 

 

 

 

The Figure 17 shows the modifying of a user in a table of the database. To 

do this, it is used UPDATE query of the category DQL.  

 

Figure 16. Example of code and SQL query INSERT 

$request=mysql_query("INSERT INTO users (id_user, name,email,password,surname,birth, 

occupation, interest, distancia, activate, id_activation) VALUES 

(NULL,'$name','$email','$password','$surname','$birth', '$occupation', '$interests', '$distance', 

'$activate','$id_activation')"); 

 

Figure 15. Example of code and SQL SELECT query 

//Request for getting whole routes with the interests select it 

 $request_route=mysql_query("SELECT * FROM original_route WHERE id_type=".$interests[$i]); 

 

$resultado=mysql_query("UPDATE users SET name='".$name."',email='".$email."', surname='".$surname."',  

birth='".$birth."', occupation='".$occupation."', interest='".$interests."',distancia='".$distance."' WHERE id_user=" 

.$id_user); 

 

Figure 17. Example of code and SQL query UPDATE 
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3.3. Database Manage System (DBMS) 
A database management system (DBMS) is a software package designed 

to define, manipulate, retrieve and manage data in a database. A DBMS 

generally manipulates the data itself, the data format, field names, record 

structure and file structure. It also defines rules to validate and manipulate 

this data. A DBMS relieves users of framing programs for data 

maintenance. We don’t have to confuse, therefore, Database and Database 

Management System. Thus, if the Database is seen like a data filer, the 

Database Management System is seen like the set of programs through 

which said filer is manipulated and managed (Janssen & Janssen, DBMS 

2018).  

The DBMS serves as an interface between the end user and the database, 

ensuring organized data and allowing an easy access. It manages three 

main aspects: the data; the database engine that allows all the operations 

with the data; and the schema of the database logical structure.  

The elements of a DBMS help to provide concurrency, security, data 

integrity and uniform administration procedures. The general task supported 

by the DBMS include change management, performance monitoring, 

backup and recovery.  

Fourth-generation query languages, such as SQL, are used along with the 

DBMS package to interact with a database. Some other DBMS examples 

include (Janssen & Janssen, DBMS 2018): 

 MySQL 

 SQL Server 

 Oracle 

 dBASE  

 FoxPro 

The DBMS that I have used in my project is MySQL because the query 

language that I used was SQL and moreover, the administrator’s interface 

was carried out by the same Database Management Server.  

 

3.3.1. MySQL 
MySQL is a relational database system most popular in the world. MySQL is 

faster, more reliable, and cheaper than any other database system. MySQL 

is better than other systems due to its features: 

 Easy to use. You can work only with a basic knowledge of SQL 

because you can build and interact with MySQL with only a few 

simple SQL statements.  

 Secure. MySQL consist of a solid data security layer that protects 

sensitive data from intruders. 
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 Client/Server Arquitecure. MySQL follows a client/server 

architecture.  

 Free to download. 

 It is scalable. MySQL can handle almost any amount of data.  

 Compatible on many operating systems.  

 Capacity of extension and performance in the websites with more 

traffic and the most demanding applications. 

 

3.3.2. PhpMyAdmin 
Is a free software tool written in PHP, intended to handle the administration 

of MySQL over the Web. PhpMyAdmin supports a wide range of operations 

on MySQL. Frequently used operations (managing databases, tables, 

columns, relations, indexes, users, permissions, etc.) can be performed via 

the user interface, while you still have the ability to directly execute any SQL 

statement (Cihar & Jaycuatne, 2012). 

Some of its features are:  

 Intuitive web interface 

 Support for most MySQL features: 

o Browse and drop databases, tables, views, fields and indexes.  

o Create copy, drop, rename and alter databases, tables, fields 

and indexes. 

o Maintenance server, databases and tables, with proposals on 

server configuration. 

o Manage MySQL user accounts and privileges. 

o Manage stored procedures and triggers. 

 Import data from SQL  

I have used this tool as a support tool to connect with the server and 

manage the database. In the shows the interface in the Figure 18.  
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Figure 18. Interface PHPMyAdmin 

 

3.4. Cordova Apache 
Cordova is an open-source mobile development framework. It allows you to 

use standard web technologies such as HTML5, CSS3 and JavaScript for 

cross-platform development, avoiding each mobile platforms’ native 

development language. Applications execute within wrappers targeted to 

each platform, and rely on standards-compliant API bindings to access each 

device’s sensors, data, and network status (Cordova Apache, Overview 

2013).  

Use Apache Cordova if you are:  

 A mobile developer and want to extend and application across more 

than one platform, without having to re-implement it with each 

platform’s language and tool set.  

 A web developer and want to deploy a web app that’s packaged for 

distribution in various app store portals 

 A mobile developer interested in mixing native application 

components with a WebView (special browser window) that can 

access device-level APIs, or if you want to develop a plugin 

interface between native and WebView components.  

There are several components to a Cordova application. In the                

Figure 19 shows a high-level view of the Cordova application architecture: 

 WebView: provide the application its entire user interface. On some 

platforms, it can also be a component within a larger, hybrid 
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application that mixes the WebView with native application 

components. 

 Web App: is the part where your application code resides. The 

application itself is implemented as a web page, by default a local 

file named index.html, that references CSS, JavaScript, images, 

media files, or other resources are necessary for it to run. The app 

executes in a Web View within the native application wrapper, 

which you distribute to app stores.  

 Plugins: are an integral part of the cordova ecosystem. They 

provide an interface for Cordova and native components to 

communicate with each other and bindings to standard device APIs. 

This enables you to invoke native code from JavaScript. Cordova 

Apache project maintains a set of plugins called the Core Plugins. 

These core plugins provide your application to access device 

capabilities such as battery, camera, contacts, etc. When you 

create a Cordova project it does not have any plugin present. This 

is the new default behaviour. Any plugins you desire, even the core 

plugins, must be explicitly added. I have added the next plugins in 

the application:  

o File-Transfer: this plugin allows you to upload and 

download files. This plugin has been used in the 

application for downloading the images of the routes and 

points of interest. This images are shown in the 

application for giving more information to the user about 

the routes that they want to follow. The FileTransfer 

object that is created in the code provides a way to 

upload files using an HTTP multi-part POST or PUT 

request, and to download files (Cordova Apache 

FileTransfer, 2018) 

o File: this plugin implements a File API allowing read/write 

access to files residing on the device. This plugin has 

been used in the application to create the folder where 

the images and the files JSON are storage. Moreover, it 

is allowed to access to the folder of the mobile device 

(Cordova Apache File, 2018).  

o Geolocation: this plugin provides information about the 

device’s location, such as latitude and longitude. This 

plugin has been used in the application to get the actual 

latitude and longitude of the user. It is important this 

plugin to indicate in the map where the user is and to 

look for routes (Cordova Apache Geolocation, 2018). 

o Diagnostic: this plugin for iOS, Android and Windows 10 

is used to manage device settings such as Location, 

Bluetooth and Wi-Fi, It enables management of round-

time permissions, device hardware and core OS 

features. (Alden, 2018).  
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This plugin is used in our application because of after 

Android 6.0 (API level 23), users grant permissions to the 

apps while they are running, not when they install the 

app. This approach simplifies the process of installing the 

app, since the user does not need to grant permissions 

when installing or updating the app. It also gives the user 

more control over the functionality of the app, for 

example, a user could choose to provide the location of 

the device but not the camera app with access to it. The 

user can revoke the permissions at any time from the 

app’s settings screen (Android, 2018). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

               Figure 19. Architecture of a typical Cordova application 

3.4.1. PhoneGap 
Is a tool used as a complement to Cordova Apache. Reuse existing web 

development skills to quickly make hybrid applications built with HTML, 

CSS and JavaScript. Create experiences for multiple platforms with a single 

codebase so you can reach your audience no matter their device. Inside 

PhoneGap we can find an important tool to test and execute tools easily. 

This tool is called PhoneGap Desktop App (Adobe, 2016). 

      PhoneGap Desktop App 
Is the easiest to way to get started with PhoneGap, is an alternative to the 

PhoneGap CLI yet uses the same libraries behind the scenes with no 
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complicate installation. You don’t need git, npm or even Node.js, you simply 

install it to your desktop, create a project and run it on your device. In the 

Figure 20 it is possible to see the interface of PhoneGap Desktop in the 

laptop on the left side and the interface of PhoneGap Desktop in the mobile 

device on the right side (PhoneGap, 2016). 

 

Figure 20. Interface PhoneGap Desktop 

The PhoneGap Desktop storage the folder of the application in a server 

where thanks with the application in the mobile can connect to it and it can 

eject the application in the mobile. I have used this tool to test and check 

the application every week.  

 

PhoneGap Build 
PhoneGap Build is a cloud service for compiling PhoneGap applications. 

This tool allows you to transform the Cordova project where all the 

necessary files of the application are locates to an installation executable on 

different platforms. In our case, we are interested in the executable 

corresponding to Android.   



Cultural Trails Management and Development  Jorge Gómez Buena 

 

34 
 

This application is used in on the final points of the project so that the user 

can install the application in this mobile device and treat is as a real 

application.  

To carry out this process, the user must go to the Cordova project of the 

application and he has to generate a file in zip format. Once the user 

uploads the file zip the application PhoneGap Build is able to convert the file 

in executables for different mobile platforms (Android, iOS and windows 

Phone). The user can download the executable of the application and he 

can install it in his device mobile (Figure 21). 

 

 

Figure 21. PhoneGap Build 

 

3.5. Maps API 
In the application, two types of API are used when it is necessary to 

implement maps. On the one hand, the Google Maps API has been used to 

find the point of the map from where you want to search for routes. On the 

other hand, open street maps have been used to follow the route that the 

user has used. In the first case Google Maps is used because it works 

online and there are more possibilities when working with the search of 

sites with a search box, and in the second case Open Street Maps is used 

because in the future, it will want implement that the application can work 

with maps without internet connection. Both APIs are reported below 

3.5.1. Google Maps API 
To use google maps API you must be familiar with the programming 

through JavaScript and concepts or programming oriented to the object. 

You should also be familiar with Google Maps from the user's point of view 

(Google Introducción, 2012). 

With Google Maps JavaScript API, you can aggregate maps based on 

Google Maps in your website. The API manage automatically the access to 

servers, data downloads, maps display and responses to Google Maps 

gestures. In addition, you can call the API to add markers, polygons, etc., 

and change the view of the user doing zoom. These objects provide 
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additional information about locations on the map and allow the user to 

interact with the map.  

I have used this API to show a map where the user can select a latitude and 

longitude from where he can look for a route. The user can do this with a 

search box or the user can push in the map and he can select a point.  

To load the Google Maps JavaScript API, use a script tag like the one 

shown in the following Figure 22. 

The attributes that Google Maps JavaScript API uses to load the map in the 

application are:  

 The async attribute allows the browser to represent the rest of your 

application while loading the Map. 

 The callback attribute is called when the API is completely ready.  

 The parameter key has the key of API of your application. It is 

necessary to get a key (Google clave, 2012).  

 

3.5.2. OpenStreetMaps 
Is a project was create to distribute free geographic data for the world. The 

project was started because most maps you think of as free actually have 

legal or technical restrictions on their use.  

The OpenStreetMap allows free access to our map images and all of our 

underlying map data. The project aims to promote new and interesting uses 

of this data. Browsing in the map is easy, you can get a look around and 

see what you think of the coverage and detail. They have progressed in the 

years where individuals, governments and commercial companies have 

already begun putting this data to use (OpenStreetMaps, 2018).  

This tool is powered by open-source software from its slippy map interface 

to the underlying data access API (a web service interface for reading and 

writing map data).  

To work with OpenStreetMaps and we can deploy our own Slippy Map with 

Leaflet (Leaflet, 2018).  

 

<script async defer 

      

src="https://maps.googleapis.com/maps/api/js?key= YOUR_API_KEY &callback=ini

tMap"> 

    </script> 

 
Figure 22. Script tag to load Maps with Google Maps JavaScript API 
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Chapter 4 

 

4. Design  
Before starting to write code and develop the software, it is necessary to 

design it. First steps consist in thinking about the requirements, 

functionality, possible scenarios and uses cases or the interface’s 

appearance. These steps are part of the phase called design.  

The first was to think about how was the back-end was created and to 

understand the problems related to cultural trails and routes to be able to 

implement all this in the user interface within the mobile application. 

Once we had thought about the problem and its solution, it was necessary 

to consider the requirements of this solution, which, in our case, is to 

develop the user mobile application and to connect this with the 

administrator web page.  

Then, we designed the interface of mobile application. When the 

programmer starts the development of the software, he can follow the 

design and therefore will be easier for him and he will not make waste time.  

4.1. Requirements 
After thinking about the problems with the cultural trails and routes, a 

possible solution was defined. The solution was created an application that 

allows to connect to the administrator web page and that the user can 

consult and use the information storage in the database. 

During the first months, I could read the thesis of the back-end and also I 

installed some mobile apps in my phone. With the information of the web 

page and the information that I can obtain of the mobile apps I can realize 

the possible requirements that my mobile application should have.  

Moreover, it is important to keep in mind also the non-functional 

requirements. They are very important in the application in order to make 

that the user interacts with the app in a better way. 

It is important to explain the conceptual design of the possible scenarios 

before of showing the different parts of the design.  

The main element of the scenario is the route. This route has an almost 

straight path and it is composed by items. An item is a point of interest in 

the route, which can be a monument, a museum, a sculpture, a stadium, 

etc. 

Knowing this, the requirements can be understood in a better way. The 

requirements are reported below this. 
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4.1.1. Functional requirements 
The functional requirements define specific behaviour or functions in the 

mobile application. The functional requirements are the next: 

 Allow the user to login and to sign up in the application. The user 

will need to register to be able to use the application and the system 

will manage all the information of him. The application needs the 

user’s personal information in order to sign up him in the app: 

Name, Surname, password, email, occupation, birthday and 

interests (Figure 23).  

 

Figure 23. User sign-up screen 

 

 Allow the user to activate his account with a link he will receive in 

the mail. 

 Allow the user to navigate easily through the application with an 

intuitive and simple menu (Figure 24).  
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Figure 24. Screen page main menu 

 Allow the user to change the information personal when he wants in 

the option my profile that he will find out in the option my profile 

(name, surname, email or distance of routes). 

 Allow the user to look for trails according to the distance from where 

he is and to his interests that the app shows (Figure 25): 

o Distance: 5, 10 or 20 km. 

o Interests: agriculture, gastronomy, industry, maritime, urban 

heritage, drinks, history, culture and religion. 

 

Figure 25. Screen look for routes  
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 Allow the user to download the route in the mobile phone. 

 Allow the user to remove the route of the mobile phone. 

 Allow the user to start a route after that the user had downloaded it.  

 Allow the user to look for routes since anywhere point of the world 

according to the distance and the interests show in the previous 

point of this paper (Figure 26).  

 

Figure 26. Screen look for routes anywhere 

 Allow the user to choice the routes depending of the rating given by 

the previous users. 

 Allow the user to rate the route when the route had been already 

started by the user. 

 Allow the user to comment the route when the route had been 

already started by the user. 

 Allow the user to follow the path of the route through a set of icons 

that will guide the user through the route and that it will be 

explained in this report in the next points. 

 Allow the user to consult a point of interest of the route once that 

the route has been started. The user has to push above the marker 

of the point of interest in the map. When the user pushes the 

marker, the application will show it (Figure 27): 

o Information more important of the point interest. 

o The image of the point of interest. 

o The comments of the other users. 

o The total rating of the point of interest. 
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o If the route is the next point of interest or it has been already 

visited or if the user wants to indicate in the route that is the 

next point of interest.  

 

Figure 27. Screen of an example of a point of interest 

 

 Allow the user to follow the trail and the user obtain information of 

each point of interest of route when the user is closer to the point of 

interest. 

 Allow the user to change the order of the point of interest in the 

route.  

 Allow the user can consult a point of interest when the user is close. 

The application shows the information automatically. 

 Show the user the distance that exists to the next point of interest of 

the route that it has been selected. 

 Allow the user when he pushes above the point of interest to rate or 

to comment the point of interest 

 Allow the user can continue the route if he decide exit of this route. 

The information above the progress in the route of the point of 

interest is saved by the application. 

 Allow the user can manage the information of the routes. The main 

functional requirements above this are: 

o Manage routes. This include create news route, delete the 

routes or modify the information of a route, that it has been 

created by the user. There are three types of information in a 

route: 

 Basic information: name, short description, long 

description, history, etc. 
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 Items that form the route, and the order of these. 

This order can be changed by the user when he is 

following the route. 

 Multimedia specific into of the route. 

o Manage items. This include create new items, delete the items 

or modify the information of an item, that it has been create by 

the user. An item is a node whose information is: 

 Basic information: name, short description, long 

description, etc. 

 GPS coordinates. There are longitude and latitude, 

and are useful to know the location of the node. 

 Multimedia specific into of the item. 

 Allow to the user or the administrator to delete the routes that it has 

been created by the user. 

4.1.2. Non-functional user requirements 
The non-functional requirements are critical to the success or failure of a 

software project. They are very important for the right performance of 

software of the mobile application. They specify criteria that can be used to 

judge the operation of a system, rather than specific behaviours. Moreover, 

they cover all the remaining requirements which are not covered by the 

functional requirements. In this requirements define system attributes such 

as security, reliability, performance, maintainability, scability and usability. 

The non-functional requirements in the application are as follows (Chung & 

Nixon, 2012). 

 

4.1.2.1. Usability 
It is an aspect very important for a software project because this has a high-

level degree of usability when a consumer uses it and it has achieved 

several purposes such as effectiveness, efficiency and satisfaction. We can 

consider usability like the ease of use and learnability of a human-made 

object. The systems should follow the most precise ISO13407 and ISO 

9241-210 (Mirning & Meschtscherjako, 2015). The different aspect and 

details that provide the usability of the web page interface and the user app 

interface are descripted below. 

Navigation menu 

Some mobile applications or web pages have many menus with several 

submenus and sub-submenus that make the usability of the page difficult 

and therefore the visitors become disoriented in navigation. 

It is essential thus to have a menu where the user can navigate through all 

the sections of the mobile application. Our interface, once that the user had 

logged in the application, has four important points (my profile, manage 

routes, cultural trail and contact). In the figure, an example of this is shown 

(Figure 28). 
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Figure 28. Menu navigation application 

 

Time and load weight 

Nowadays, the communications in the world are getting faster and because 

of that a web site or an application have to have a good response for the 

user. Moreover the weight and load time are extremely important for the 

user experience. This parameters are the most important features inside of 

the software. 

In a web page with many hundreds of pages and images, the load weight is 

high and as a consequence, it could be complicated and expensive to solve 

a problem, presenting irrevocable technical problems.  

In our application, the time and load weight are quite optimized parameters 

because each document contains a few operations and an interface with 

not too much images. Additionally, the number of documents and pages is 

not so big and this pages try not doing too much AJAX requests to apply the 

dates of the routes, so the computational weight is low. 

This parameter is evaluated in a next point in of the report where a number 

of student carry out a test of application.  

Consistency 

It is important that the structure and appearance of a web page or 

application has to be uniform and consistency in whole pages in order to 

make the user enjoy the use, the navigation, and make him feel that he is in 

the same website anytime. The consistency of the design is a key part of 

the non-functional requirements in the application.  
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Figure 29. Design similar in whole application 

The elements such as navigation menus, logo and the rest of the elements 

that appear in any page of the website or app achieve the consistence of 

this software. The logos that are used in an application should be elements 

that the user can recognise of an easy way, moreover that the application 

has a similar structure in whole pages and a similar colour.  

In our case, the application maintain the same structure and the same 

colours in all pages (Figure 29).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Error prevention and notifications 

Another aspect that is crucial is the prevention of errors and notifications in 

order to advice the user of situations that cause uncertainly and it can ruin 

the user experience and enjoyment in the application.  

It is important to prevent to the user of whole possible errors because a web 

page or application that presents these type of errors is a poorly made 

software. In our application I have to try preventing of next errors (Figure 

30). 

 Permission for the user. 

 Errors relevant to the connection to the database and the possible 

errors in the queries. 

 Possible mistakes in the form when the user want to sign up: 

mistake in the email, the user writes different passwords, he has 

forgotten some field for filling up. 

 Possible mistakes when the user want to log in: the user has 

forgotten the password or the email, the user doesn’t exist or the 

password is not in the database. 
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 Error of the connection with the GPS.  

 

 

Figure 30. Prevention of error 

On other hand, it is important to advice to the user about actions that he is 

carrying out in the application. The next actions in our application are the 

next: 

 The user has registered successfully. 

 The user has changed his personal information successfully. 

 The user has changed the password.  

 The user has downloaded, removed or started a new route.  

 The user has exited of a route and the progress is saved.  

 The user has change a point of interest of the route.  

In the project is used the alert by default of JavaScript for telling the user 

the prevention of errors and notifications. One example of this is to put alert 

messages when the user does not complete an obligatory field in a form 

(Figure 31). 

 

Figure 31. Alert of permissions 

 

Response time 

The response parameter is a parameter depending of several aspects and 

factors, such as type of software that is used, amount of the users using the 

application or website, the number of pages and request that the application 

has to do for getting the information, etc. The response time could be 

divided into three categories that depends of the time that the application 

responses (Nielsen 1993): 
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 The user feels the interaction with the software and the application 

very fast in a time of 0.1 second. 

 The user starts to notice that exists some delays that has to be 

considered by the developers. This time is 1 second. 

 The user has to wait more than 10 seconds because the application 

doesn’t work or doesn’t response, due to this, the user decides to 

change to another page or restart the application because the 

application hasn’t a good performance. This time can be considered 

as critical and then the developer should to change the mentality of 

the software. 

These three categories are in accordance with the knowledge and findings 

of Miller (1968), who notices there are three threshold levels of human 

attention. 

 Instantaneous: 0.1-0.2 seconds. 

 Free interaction: 1-5 seconds. 

 Focus on dialog: 5-10 seconds. 

In our application, there are not problems with the response time and we 

have a good response time. Anyway, this parameter had been rated by the 

users in the final test of the application with a good result, where this aspect 

has not caused any difficult for the user 

 

Workload 

The number of users who interacts with the software at the same time 

affects the response time and thus the overall performance of the software. 

Therefore, the workload has a good importance and impact in the software. 

It is important to set a peak workload value, although the overall workload is 

not expected to be so high.  

In our application when there are many users use the application the 

response time is between the values that allow a good performance. This 

has been verified when the application test was carried out.   

 

Security 

The security is an aspect very important for the users because the personal 

information must be saved in security places. In this application is very 

important design a good security because there are user accounts where 

the information is storage in the database and therefor nobody has to 

access to it. 

In this version of application the information is stored in the database in the 

server of the department, therefore this information is only accessible for 

the developer.  
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Scability 

A software is scalable when it reaches the expected performance 

requirements as the traffic demand, workload, response time, etc.   

For our project, scalability have a considerable priority. If there were a huge 

number of users, it would be necessary to install the system in web servers 

that provide high capacity. Anyway, this aspect should be studied in a more 

detailed way in the following versions of the application. 

Software quality attributes 

The quality attributes are defined according to the business needs and 

goals, and the user needs. According to IEEE, the software quality is the 

degree where the software has a desired combination of quality attributes 

(Offutt, 2002).  

In our application, the non-functional requirements are based on these 

attributes: usability, reliability, adaptability, testability, reusability, 

maintainability, robustness, portability and availability. Therefore, the 

attributes are the next: 

 The availability of the system should be 99%. 

 System should have a desired behaviour in whole situations.  

 System should operate without failing for 1000 hours. 

 Try to eliminate single points by adding redundancy to the system. 

 The system’s MTTR (Mean Time to Repair) should be 24 hours. 

 The interface elements should be understandable.  

 Complete help should be provided. 

 Error messages should explain how to recover the system 

 When tasks are executed, the system should provide feedback. 

 The system user interface should be minimalist and should please 

the eye. 

 

4.1.2.2. Software interfaces 
The software use is very important and we have to decide the components 

and models for making a good performance of our application. In our case 

is important to work with client-server architecture and a centralized 

database. 

 

Client-Server Architecture 

A common way of organizing software to run on distributed systems is to 

separate function into two parts: clients and server. Client are PCS or 

workstations on which users run applications and the servers are powerful 

computers or processes dedicated to managing disk drives, printers or 

network traffic. Therefore, a client-server architecture is a set of services 

that are provided by servers and a set of clients that use these services. 
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The client make a request for a service, and a server performs that service. 

Typically, multiple clients use a single server (Beal, 2018). 

In our project, the client show the information that the user is applying and 

can order for seeing a route, moreover the client can provide a form onto 

which a user can orders. The client sends this order information to the 

server, which checks the routes database and performs tasks that are 

needed. In our case the client can be a device that is using the application 

or also an administrator that is using the webpage (Figure 32). 

 

Figure 32. Architecture client-server 

 

Centralized database 

A centralized database consists of a single data server into which all data 

are stored and from which all data are retrieved. All the data reside at a 

single location and all applications must retrieve all data from that location.  

The centralized approach consists of a central server into which all forecast 

data are stored. At some predefined time, software on this central server 

requests data from each of the local data servers scattered throughout the 

country. These data are received, processed and stored, possibly at lover 

spatial and temporal resolution than the data from which it was derived.  

The database was carried out by Pablo Manso in the project of the 

administrator web page, therefore I don’t change the design of the database 

and the application work with a centralized relational database on the server 

where all the information related to the routes is saved. This non-functional 

requirement is a consequence of developing the application with client-

server architecture. 

 

4.2. Database design 
One the most important issues of this project is the database that it is used 

by the application to show the information to the user. The database that it 
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has been used is the database of the side of administrator that it was 

carried out by Pablo in the last year.   

The main elements of this database are routes and items. The items are the 

point of interest that compose a route in our application the route. As I have 

explained in previous chapters an item could be a monument, a restaurant 

or simply a beautiful view. 

4.2.1. Relational database 
Relational database is the model that it was chosen to implement the 

database because is the main data model in applications and programs that 

process data. This position is relevant due to its simplicity, which makes the 

programmer’s work easier. 

Relational databases follow certain integrity rules to ensure that the data 

they contain stay accurate and are always accessible. Database consists of 

a set of table, and each table is composed by columns and rows. Moreover, 

the rows in a database must be distinct and the column values must not be 

repeating group.  

An example extracted from the implement database is show in the Figure 

33.  

 

Figure 33. Example of table in a relational database 

 

 

4.2.2. Cultural Trails database 
The database scheme was made by Pablo in the project of the last year 

(Manso, 2017). The scheme is showed in the Figure 34 where it is possible 

to know which is the information is saved in the database and how the 

mobile application use the information according to it.  
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Figure 34. Database of cultTrail (Manso, 2017) 
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4.2.3. Change in the tables  
  

The changes in the database scheme was made online in the web page: 

http://ondras.zarovi.cz/sql/demo/ 
   

The explanation in the changes or creations in the tables are as follows. 

The new table users is shown in the Figure 35 and represent the user of 

the system. The user has an account in the system.  

 

Figure 35. Database table: users 

The fiels of the table are: 

 id_user: it is the primary key and the identifier of the user. It is a 

foreign key in the tables: item_comments, item_rating, 

adapted_route, modified_rute, route_comments and route_rating. 

 Name: it is the user name of the user. 

 Surname: it is the user surname of the user. 

 Email: it is the email of the user and it will be used in the 

application as username. 

 Passowrd: it is the password of the user account 

 Occupation: it is the occupation of the user: student, employee, 

unemployed or retired. 

 Distance: it is the distance from the user want to look for routes: 

5km, 10 km or 20km. 

 Interests: it is the interests of the user about he want to look for 

routes: art, drinks, gastronomy, history, industry, culture, maritime, 

religion, urban heritage.  

 Birth: it is the birthday of the user. 
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 Activate: it is the id that allows to know if the user had activated of 

the account or not.  

 Id_activation: it is a random number that allows to know to the 

application which is the user that wants to activate the account. 

The table route_user is shown in the Figure 36 and stores the colour that 

the application has to indicate in the different buttons for each route and 

each user.  

 

Figure 36. Database table route_user 

 id_route: it is foreign key id_route identifies the route. 

 Id_item: it is foreign key id_item identifies the item.  

 Colour: it is green or red and allows the application to know if the 

user has already downloaded the route in his device mobile or not. 

   

The table place is shown in the Figure 37 and represents a place (city, 

town, village, etc.) where the routes are. 

 

Figure 37. Database table place 

 id_place: it is the primay key and identifies the place. It is a foregin 

key in the tables route and item. 

 Id_user: it is foreign key id_user identifies the user. 

 Name: it is the name of the place 
 

The table item is shown in the Figure 38 and represents a point of interest 
in a place.   
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Figure 38. Database table ítem 

This table is composed by the fields: 

 id_item: It is the primary key and identifies the item. It is a foreign 
key in the tables node, links, item_multimedia, item_info, 
specific_info, routes_items, item_comments, item_rating.  

 Id_user: It identifies the user that has created the item. 

 id_place: It identifies the place where the item is. 

 name: It is the item’s name. E.g. Parthenon. 

 short_name: It is the name but in a short form. This is useful if the 
name is too long and you want to show it on the map. 

 short_description: It is the short description of the item. Sometimes 
it  is useful to have a short piece of the information and make the 
user to click a button if he wants to see more.  

 long_description: It is the description of the item with the full 
 
The table original_route is shown in the Figure 39 and represents an 
original route. This means, a route that is predetermined and fixed, with a 
path defined by the items. 
 

 
Figure 39. Database table original_route 
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This table is composed by the fields: 

 id_original_route: Foreign key id_route identifies the original route 

and is a primay key. It is a foreign key in the table 

route_multimedia. 

 Id_user: It identifies the user that has created the user. 

 Name: it is the name of the route. 

 Short_name: it is the name but in a short form. This is useful if the 

name is too long 

 Short_description: it is the short description of the route. Sometimes 

it is useful to have a short piece of the information and make the 

user to click a button if he wants to see more. 

 Long_description: it is the description of the route with the full 

extension. 

 Id_type: foreign key id_type identifies the type of the route. 
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Chapter 5 

 

5. Implementation 
In this chapter, I will show the implementation of the mobile application and 

which are the most important step in it. It will explain how the 

implementation has been carried out from the design of the interface until 

each of the functionalities and how they are executed within of the 

application. 

5.1. Design of the interface 
One previous step before starting to develop the software is to consider the 

appearance of the interface. The design of the appearance is relevant 

because it is a great part of the user enjoyment. 

To carry out the design, both functional and non-functional requirements 

have been take into account. In addition, it has been studied on which the 

platform the design should be carried out. Once all the options have been 

studied, I decided selected Cordova as platform to develop the application 

and as framework I have used a combination of Bootstrap, which was used 

to carry out the administrator part, and Framework7. All these tools and how 

they work are explained in previous sections of this report. 

The first step in the development was to use a local server and developed 

the code as if the application was a website. Moreover, I downloaded 

different applications to see different designs and finally I could be able to 

develop a particular design taking into account all the aspects that I was 

looking for. This applications are described in a previous point of this report.  

When I was developing the design, I was writing code as a web page but I 

was testing in a simulator to check the code in mobile applications and I 

could see how it behaves the responsiveness and adaptability in different 

scenarios and mobile devices. The simulator was used is Ripple Emulator, 

which is an extension in the browser Google Chrome.  

Ripple 
Ripple is a multi-platform mobile environment emulator that is custom-

tailored to mobile HTML5 application development and testing. Ripple aims 

to reduce the challenges being faced by mobile developers caused by 

today's platform fragmentation in the marketplace (Reference). In the Figure 

40 show a screen when I was developing the design in the first step. 
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Figure 40. Screen emulator ripple 

 
The interface of the application starts with an icon and two buttons where the 

user can decide between logging in the system and signing up in the application 

(Figure 41).  

 

 
Figure 41. First screen in application 

Once the user has signed up and logged in the system, he can decide 

between the different options that the user has in the page main. In the 

Figure 28 that is in a previous section you can see the screen with the page 

main. Where the user can select between: 
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 My profile: the user can changes the information personal of his 

account. 

 Cultural trail: the user can look for routes and follow it in a map. 

 Manage routes: the user can add or delete routes. 

 Contact: the user can consult the email or important information 

about the developer.  

 

 

5.2. Sign up and login  
A simple and quick method has been created that allows to register to user 

in the application. It is important for the designer to figure out which 

elements he should include or exclude to create great user experience. 

Moreover, make sure that your login application is not an obstacle to your 

users by continuing in the next steps.  

As already was mentioned in the design of the interface, the user once the 

application is launched can log in or register in the system. If the user 

decides sign up in the system he must indicate personal information about 

him (Figure 42): 

 The name of the user. 

 The surname of the user. 

 The email that it will be the name of the user that he will use when he 

will login in the application. 

 The password that he will use for entering in the application 

 The birth date 

 The occupation that it can be used in future versions of the 

application for recommending better routes. 

 The distance route by default that he wants to look for routes. 

 The hobbies in which he is interested.  

The last two parameters allow to the application to follow more precise 

routes than the user is looking for.  
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                                                          Figure 42. Screen for logging 

There are prevention of errors before that the user is registered: 

 All fields must be filled out and the email address must have a 

correct format (Figure 43).  

 

 

 

 

 The email address must have a correct format (Figure 44). 

 

 

Figure 44. Alert no correct format 

Figure 43. Alert of empty fields 
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 The password and repeat password should be the same (Figure 45). 

 

Figure 45. Alert no the same password 

 

Another aspect, I have had in mind is the security that the user that is 

registering in the system is the owner of the email that is filling out in the 

form. Due to this the system will send an email to the account included in 

the form (Figure 46).  

 

 

Figure 46. Email for activation of the account 

 

Once the user has logged in and he has activated the account by email, he 

can register in the application. There are different prevention of errors: 

 If the user doesn’t activate the account via email (Figure 47). 

 

Figure 47. Error of activation account 
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 If the user has incorrectly indicate the password or the username 

(Figure 48) 

 

Figure 48. Error of user doesn't exist 

 

 

 

In the screen for logging the user can recover the password if he pushes 

the link Forgot password. In the shows the dialog to recover the password 

(Figure 49).  

 

Figure 49. Dialog to recover password 

 

The user when pushes the button recovery, he will receive an email with the 

new password, where the user can enter in the system (Figure 50). 
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Figure 50. Email to recover the password 

 

The user can change the password in the option of the main page of the 

application my profile. This option will be explained in the next point of this 

report.  

 

5.3. Modify user 
It is very typical that a user wants to change personal information once he 

has registered in the application because he has made a mistake or 

because he wants to change some of the interests or preferences. 

Therefore, it has been decided to include an option where the user can 

change whenever he wants some information about him. The information 

that he can change is the same than he indicated when he signed up in the 

mobile application (Figure 51): 

 The name of the user. 

 The surname of the user. 

 The email that it will be the name of the user that he will use when 

he will login in the application. 

 The occupation that it can be used in future versions of the 

application for recommending better routes. 

 The distance route by default that he wants to look for routes. 

 The hobbies in which he is interested.  

 The password that he will use for entering in the application 
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Figure 51. Option My profile 

 

The option more important for the user is he can change the password 

because he has forget the old password and he has received a new 

password or because he want to change the password due to another 

circumstance. There is a button that allows to the user to change the 

password whenever he wants (Figure 52).  

 

Figure 52. Screen to change the password 
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5.4. Storage of the information  
Once the user launches the application and before the user logins, the 

system generates a folder within the file system of the mobile device called 

culturalTrail where two folders are generated: files and images. In the folder 

of files stores practically all the useful information that is in the database 

and in the folder of images stores all the important images that the system 

need it to show about all the points of interest and the routes (Figure 53).  

 

Figure 53.Folders created 

 

The folders are created thanks to plugin of cordova: plugin-file. Those 

plugin are installed once the cordova project is created thanks to Node.js 

[6]. In the folder of the project that is created in the computer you should 

find out the folder where it is possible change the permissions of the 

android and to add the permissions to read and write files or folder in the 

system (Figure 54). Moreover, we have to use the plugin-diagnostic to allow 

to the user to accept the permission in the application.  

 

Figure 54. Permissions of android 

In the folder of images are stored the images corresponding to the routes 

and point of interest that he user is looking. This images are obtained from 

the web server thanks to the database where the path is stored. It is 

necessary to use the plugin-file-transfer to download the images from the 

server. The images are downloaded due to the plugin-file-transfer. 

In the folder of files are stores the files corresponding to the routes that the 

user is looking for and downloading in format JSON. The file contains whole 

the information that the system needs to show to the user the routes and 

that he can follow it.  

The files generated and the images are getting by request AJAX, that is a 

client-side script that communicates to server without the need a complete 
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page refresh, ajax facilitates us the work for the exchange of data with the 

server. 

 

 

5.4.1. JSON FORMAT 
The files with whole the information of ROUTE are in json format that is a 

lightweight data-interchange format. It is easy for the developer to read and 

write files with this format. JSON is built on two structures (JSON, 2018).  

 A collection of name/value pairs. 

 An ordered list of values 

JSON is a specification for how a client should request that resources be 

fetched or modified, and how a server should respond to those requests. 

JSON is designed to minimize both the number of requests and the amount 

of data transmitted between clients and servers. This efficiency is achieved 

without compromising readability, flexibility or discoverability.  

JSON requires use of the JSON API media type (application/json) for 

exchanging data. (JSON, 2018)  

To organise the files where I have stored the information that he user need 

about the route, I have got the information of the database that it has been 

explained in a previous point in this document. The files are generated 

when the user downloads a route that he is looking for depending of his 

interests and the distance. The name of the file is route_idRoute, where 

idRoute is the identification that the route has in the database. This file is 

composed for different elements that are necessary to show the information 

about the route and the points of interest of it to the user. With this 

information the user can follow the route without difficulties and to get 

information and images of each point interest. The format JSON of each 

route is: 

 Id_route. To identify a route from another. 

 Name. Name of the route 

 Long description. A long description about the route.  

 Multimedia. Una array of name of images of the route. 

 Items. An array with the points of interest of the route that the user 

has to follow it.  

o Id_item. To identify a point of interest from another. 

o Name. Name of the point of interest. 

o Long description. A long description about of the point of 

interest. 

o History. History about the point of interest. 

o Duration. The duration that the user should be visiting the 

point of interest.  
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o Multimedia. Una array with the name of images of the point 

of interest.  

o Id_order. To identify the order of the point of interest in the 

route.  

o Longitude. The longitude where the point of interest is.  

o Latitude. The latitude where the point of interest is.  

o Progress. Parameter that allow to the user to change the 

order in the route. 

Below is specified the format of a route that it has been downloaded by the 

user. The format has been created with an editor of files with format JSON. 

It is indicated the collection of name/value pairs and the values of each 

name.  

To design the format JSON, I have used the website  

https://jsoneditoronline.org/ 

 

[ 

  { 

    "id_route":123, 

    "name_route": "string", 

    "long_description": "string", 

    "distance": 123, 

    "multimedia":{ 

      "name_multimedia":"string" 

    }, 

    "items":{ 

      "id_item":123, 

      "name_item": "string", 

      "long_description":"string", 

      "multimedia":{ 

        "name_multimedia": "string" 

      }, 

      "id_order":123, 

      "longitude":123, 

      "latitude":123, 

      "progress":123 

    } 

  } 

] 

 

  

   

 

 

 

https://jsoneditoronline.org/
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5.5. Route look-up by position 
The main objective of this thesis is that the user can search for routes 

according to their interests in a certain area. In the main page of the 

application there is an option, which is called cultural trail, where the user 

can search for routes. When the user select this option, there is a filter 

where the user can decide to look for a route according to interests and at a 

certain distance from where he is at this moment. The options that he has to 

decide are follow it (Figure 55): 

 Interests. The interests are those that it were decided at the 

beginning of the application according to the part was developed in 

the interface of the administrator. 

o Agriculture. Agriculture trails where the main focus is agri-

tourism where farm walks are a smaller-case version of these 

routes.  

o Drinks. In the last year routes about drinks is having more 

importance due to the opportunities to taste different beer and 

wine types or can visit brewery facilities and vineyards. 

o Gastronomy. These trails have become popular among 

culinary tourist as important illustrations of gastronomic 

heritage. 

o History. In the course of the years, the history has always 

present and the beginning of the routes arose thanks to it. 

Due to it, exist archaeological sites, historical parks and 

heritage gardens, etc. 

o Industry. This includes factories, ports and docks, railway 

museums, dams or historic canals. 

o Culture. Involves visiting places associated with the literature, 

art, music and movies.  

o Maritime. This routes follow coastal areas and encompass 

locations, sites and nautical heritage nature 

o Religion. This included religious sites such as monastery, 

church or cathedral.  

o Urban heritage. Cities and towns throughout the world are 

home to a wide range of heritage-focused walking trails. 

 

 Distance: 

o 5 km 

o 10 km 

o 20 km 
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Figure 55. Screen to filter the routes 

 

 

It is important to keep in mind that the interests and the distance that the 

user selected when he registered in the system and they are stored in his 

profile, they are indicated by default when he enter in this option of the 

menu. The user always can change the interests and the distance by 

default, if the enter in the option my profile of the page main of the 

application.  

When the user push about the button filter, in this screen will appear the 

routes that there are in the database according to the options were select 

by the user. The information about this routes is: 

 Name of the route. 

 Main image of the route. 

 Number of point of interest that the user will have to follow to 

complete the route. 

 The distance of the first point of interest that there is in the route.  

 Button to download the route in the mobile and the user can start the 

route when he wants. 

 Button to start the route.  

 Button to remove the route in the file system of the mobile phone. 

Another aspect that we have to consider is the icons and colours of the 

different buttons in each route. To carry out this, I have decided to 

implement a new table that it has been explained in a previous point in this 

report. In this table the application can recognize and know that are the 
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icons and the colours that it has to put each route. Bellow it indicates the 

two cases about this: 

 Route is not yet in the mobile device (Figure 57). 

o Button download. A symbol of shape of download with green 

colour. This indicate that the user can push about it. 

o Button start. A symbol of shape of play with red colour. This 

indicate that the user can push about it, but in the app shows 

an alert where it indicates that the user has to download the 

route.  

o Button remove. A symbol of shape of cross with red colour. 

This indicate that the user can push about it, but in the app 

shows an alert where it indicate that the route doesn’t exist 

(Figure 56).  

 

Figure 56. Alert that route doesn't exist 

 

Figure 57. Colour of buttons of route not downloading 

 

 Route is already in the mobile device (Figure 58). 

o Button download. A symbol of shape of check with green 

colour. This indicate that the user have already downloaded 

the route in the phone. 

o Button start. A symbol of shape of play with green colour. This 

indicate that the user can push about it and he can start 

following the route that it has been downloaded.  



Cultural Trails Management and Development  Jorge Gómez Buena 

 

69 
 

o Button remove. A symbol of shape of cross with green colour. 

This indicate that the route is in the phone and the user can 

delete the route whenever he wants. 

 

Figure 58. Colour of buttons of route is already downloaded 

A summary is showed to clarify the ideas about the buttons in each case 

(Figure 59). 
 

 

 

 

 

Figure 59. Table of summary buttons 

The searching is carried out above the actual location of the user with the 

mobile phone. The coordinate comparison algorithm is used between the 

current position of the user and each of the positions of the points of 

interest. Both the latitudes and the longitudes are used to calculate the 

distance.  

 The actual latitude and longitude is obtained through of plugin-

geolocation of cordova. 

 The latitude and longitude of the points of interest is obtained 

through of the database.  

Below there is a more detailed explanation of how the algorithm Works 

through an example and certain cases. 

Route Button download Button start Button remove 

No download 

 

  

Download  
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Figure 60. Route searching algorithm 

 

In the Figure 60 we can distinguish different elements: 

 There are three different zones: 

o Area number 1: 5 km or less 

o Area number 2: Between 5 km and 10 km. 

o Area number 3: Between 10 km and 20 km 

 The icons correspond to points of interest that make up each route: 

o Route number 1: green triangle. 

o Route number 2: blue square. 

o Route number 3: red circle. 

 The user can be in any of the areas. 

Distances: 

1. 5km 

2. 10km 

3. 20km 

 

 
Trail 1 

 
Trail 2 

 
Trail 3 

Point of interest 
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We will explain the search with different examples. We assume that the user 

is selecting all the interests that he can select any distance and that he can 

at any area of the drawing. 

 The user is in area 1 and he is filtering the routes with distance 

5km. There is just a point of interest in this area that corresponds 

route number 1. Therefore, the route number 1 appears in the 

device mobile. 

 The user is in area 1 and he is filtering the routes with distance 20 

km. There are three routes in this range of the distance. 

Therefore, the route number 1, number 2 and number 3 appear in 

the app.  

 The user is in area 1 and he is filtering the routes with distance 10 

km. There are two routes in this range of the distance. Therefore, 

the route number 1 and number 2 appear in the app.  

 The user is in area 3 and he is filtering the routes with distance 5 

km. There are two routes in this range of the distance. Therefore, 

the route number 2 and number 3 appear in the mobile 

application.  

 The user is in area 2 and he is filtering the route with distance 20 

km. There are three routes in this range of the distance. 

Therefore, the route number 1, number and number 3 appear in 

the app.  

 The user is in area 2 and he is filtering the route with distance 5 

km. It depends of the point exact where the user is can appear 

two or three routes. If he is close to the border between area 2 

and 3 and there are some point of interest of the route 3 is in 

range of 5 km, then in the application appear three routes.  

 

5.6. Route look-up by custom position 
The user can decide not to look for routes in the coordinates where he is, so 

the user can decide to choose a point in the map where he wants to look for 

routes. When he pushes the button choose position inside of the menu to 

filter routes appear a screen different where the user can decide which point 

in the map where the application looks for routes (Figure 61).  
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Figure 61. Map to look for routes in different point 

 

The user has two options to decide which point of the map to look for 

routes: 

 Search for a route in the search box, the user enters a name and 

automatically appears on the map marked the point of the map that 

corresponds to what the user wrote in the box. 

 Touch on the map where a mark will automatically appear in the 

place of the map selected by the user. 

The user has to push filter and the app looks for the routes with the features 

indicated, the latitude and longitude obtained of the place that the user had 

indicated (Figure 62). 

 

Figure 62. Map with the mark in a place 
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5.7. Route information display 
Once the routes that the user has filtered appear in the application, he can 

decide which routes he wants to download. When the user has already 

downloaded, he can press the start button (Figure 63).  

 

Figure 63. Map with the points of interest 

When the user pushes el button start appear the map with several mark: 

 Blue circle: indicate the actual location of the user. 

 Orange mark: indicate the next point of interest in the route. 

 Green mark: indicate the point of interest have been already visited 

by the user. 

 Blue mark: indicate other point of interest have not been visited yet 

by the user. 

 Flag mark: indicate the last point of interest in the route. 

 

Moreover in the map with the route also appears the next elements: 

 An indicator that tells the user how far he is from the next point of 

interest (orange mark). 

 A menu to rate the route when the user wants and he can see the 

rating of the route 

o If the user has already rated the route, he can’t rate again 

(Figure 64). 

 

Figure 64. Menu to rate the routes. User had already rated 

o If the user has not rated yet, in the lower part here is a bar 

with 5 stars and a button to rate (              Figure 65). 
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              Figure 65. Menu to rate the routes. User hasn’t rated yet 

 A button where the user can show comments and hide comments. 

o If the option show comments is activated the user can add a 

comment about the route (Figure 66). 

 

Figure 66. Insert comment about route 

To follow the route the user has to go until the orange mark because is the 

next point of interest. When the user is very close to this point of interest, 

less than 50 meters, in the screen of the application shows the information 

of this point of interest. In this menu the user can (Figure 67): 

 To add a comment. 

 To show the comments. 

 To rate the route. 

 To see the picture. 

 To read the information. 

 To go the next point of interest:   

o When the user is in the point of interest, he has to push the 

button next to continue following the next point of interest. It 

means that the colour of the mark will change. If the user 

doesn’t push the button next, the order in the route doesn’t 

change. 

 

Figure 67. Menu with the information about point interest 
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5.8. Modify the order of the route the user 
One of the problems that arose when the following of the route was 

developing, is that the route followed a pattern of fixed order. This means, 

that the user has to go the next point of interest that appears with orange 

colour. Then the problem can arise that the user is closer to another point of 

interest and the information about it, doesn’t appear. For this reason, a 

small method has been created to solve the problem with the next point of 

interest. 

The first thing I have decided, it was to create a field in the file with JSON 

format that the user download to follow the route. This parameter is in each 

item in the file JSON. The field is called progress. You can get more 

information about the JSON format in previous points of this report.  

Before this method, it was thought that the route would get the items in an 

orderly manner within the JSON file, and that each time the user wants to 

reorder the items, the objects in the JSON file would have to be reordered. 

The problem is that is involve having more waiting time to rewrite the file 

than changing some parameters within the file.  

The progress parameter will depend on the moment that the file is 

downloaded only from the order parameter that the items have according to 

the route in the database. Values of the progress parameter: 

 0No visited (numbers between 1 and the last number of order) 

 2Next point of interest (id_order 1) 

 3Last point of interest. (id_order last number of order). 

The marks of the points of interest in the route will depend of this parameter 

when the user starts to the route for first time.  

 Progress: 0blue mark 

 Progress: 2orange mark 

 Progress: 3flag mark 

Then if the user want to change the order of the route, the user can touch 

any point of interest in the map, and in this moment appear whole 

information about this point of interest and then he can indicate to the 

application that he want to go this point of interest. In this moment the 

application with the algorithm about change point of interest, the application 

will redistribute the order of the route.  
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Chapter 6 

 

6. Evaluation 
 

This sections shows the evaluation that was carried out in the University of 

Patras with Erasmus students between 21 and 24 years old that as we 

already know are young people is interested in travelling and visiting new 

places. Moreover, they are regular users of smartphones. Exactly, the 

evaluation was carried out by five students because they were the only 

ones who I knew them and who had a mobile device with Android operating 

system. They belonged to a wide range of studies with different opinions 

(architecture, nurse, mechanical engineering and medicine).  

The test of the application allows me to understand the conditions of the 

application in terms of useful, satisfactory and easy to use. The evaluation 

was organised in different stages that allow the evaluation to be more 

dynamic and productive. The phases of the evaluation test will be explained 

in detail below.  

Finally, in this evaluation I will show the results that have been obtained 

from each phase, the conclusions obtained by each user and the 

advantages and disadvantages that I have been able to capture for the final 

use of the application. 

 

6.1. Phases 
The phases were organized so that users had a comfortable and 

entertaining experience. Also, it allowing me that the results and the 

conclusions obtained from them were useful for the future work and 

possible improvements. These phases were carried out through different 

tools that allowed to better capture the results. The phases and tools will be 

detailed below (Figure 68) 
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Figure 68. Phases of evaluation 

 

6.2. Field trial of the user application 
The evaluation of the user app was made in Laboratory of Human 

Computer Interaction Group and in the Campus of the University of Patras. 

The participants used their own smartphones to test the app. 

Initial phase 
The participants spend 30 minutes downloading the application, installing it, 

reading the instructions, executing these instructions and listening my 

advices and what it is the proposal of the application. These phases were 

carried out in the Laboratory of Human Computer Interaction Group. 

In the Figure 69 shows a picture taken in the laboratory while the 

participants were reading the instructions and they are installing the mobile 

application culTrails.  

 

Figure 69. Users using the application before than following route 
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Route tracking 
Once that they finished of following the instructions, they started to walk the 

fixed route visiting different sculptures of the Campus. The instructions and 

questionnaire of this evaluation are shown in the appendix of this report.  

The feedback received through the questionnaire is about the usefulness, 

satisfaction, ease of use and ease of learning. Questionnaires were 

extracted from Lund A.M. 2001. 

In the Figure 70 shows pictures taken outside, while the participants were 

using the app for the campus.  

 

Group discussion 
When the students finished following the route, we returned to the 

laboratory where a group meeting began, talking in detail about the 

personal opinion of each user.  

In the group discussion the users spoke among themselves saying what it 

the user experience, what are the possible improvements which are the 

strengths and weaknesses of the application. 

In the Figure 71 show picture taken in the group discussion and when they 

were answering the questionnaire.  

 

Figure 71. Users answered of questionnaire 

6.3. Results 
The participants filled one questionnaire after testing the user app. These 

questionnaire, which collected the participant’s impressions, are composed 

by 30 questions. The participants had to write a mark between 1 and 7, 

where 1 meant “strongly disagree” and 7 meant “strongly agree”. This kind 

of scale is named Likert scale. 

Figure 70. Students using the app in the campus 
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The questions are divided into four groups: Usefulness, Ease of Use, Ease 

of Learning and Satisfaction. 

The mean values are shown in radar charts. This type of representation 

allows us to visually show what aspects, qualities and attributes are 

associated with the developed software. 

Radar charts are useful due to their easy creation and interpretation of the 

results. 

 

6.3.1. Results radar charts 
Figure 72 shows the graphic of the questions about “usefulness”. The 

marks are between 5,5 and 6 in all the questions, but the peak value is in 

the sentence “it meets my needs”. This means that the user is looking for an 

app that they can use to travel around of the world. The worst result are that 

the user expected a bit more about the app because they want an app more 

effective.  

 

Figure 72. Usefulness of user app 

 

Figure 73 shows the graphic of questions about ease of use. The marks are 

almost close to 6 in all the questions, but the peaks higher are in “I can use 

it without written instructions” and that “both occasional and regular users 

would like it”. This worst mark is that is an app more flexible where the user 

can’t do it so many things in the application.  
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Figure 73. Ease of use of the user app 

 

In the Figure 74 shows the graphic of questions about “ease of learning”. 

The marks are high in all the questions, but the peak value is in the 

sentence: “I easily remember how to use it”. 

 

Figure 74. Ease of learning of the user app 

In the Figure 75 shows the graphic of questions about satisfaction. The 

marks are almost 6. The mark higher is the user is satisfied with it and it is 

fun to use the application and the worst mark is that the user expected that 

application worked the different way.  
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Figure 75. Satisfaction of the user app 

 

6.3.2. Results of group discussion 
Once the questionnaire was completed, a meeting was held to discuss the 

possible advantages and disadvantages of the application. At the meeting 

the users began to give their general opinion of the application and in which 

cases they would use it. Moreover, they finished answered questions 

carried out by me. This questions are shows below where “Q” indicate the 

question and the “P” indicate the participant that is answering this question. 

Q1: Is the application useful? 

P1: “The application is useful because you can visit a city in a simpler 

way” 

P2: “I liked it when you approach the point of interest and the information 

appears on the screen” 

P3. “It is useful when to look for routes based on my interests”. 

Q2: It was difficult to do the sign up and log in? 

P2: “It was simple, like any normal application”. 

Q3: Is the route search filter well designed? 

 P1: “It is good because you can find routes to different distances and 

about different interest”. 

P5: “Also, it is good because you can find trails worldwide” 

P3: “The interests and distance already selected are the indicated in my 

profile” 
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Q4: Do you use this type of application to travel? 

P4: “I usually use google where I can look for the most important in the 

cities that I visit and then google maps to know how to get there”. 

P5: “I often visit the city without the need for a mobile”. 

Q5. What is the opinion about the route tracking? 

P1: “It is a little confusing when it comes to knowing where you are with 

respect to the point of interest” 

P2: “It is useful if you improve the zoom” 

P4: “I like to add comments and scores in the different points of interest” 

P5: “It would be a good idea to include an indicator in the current position 

to know where you are going” 

 

They think that it is a simple application to be able to find routes at short 

and quick distances when they are visiting a city depending on the interests 

they have. Moreover, they find it useful to get quick information on the most 

important point of interest in each city. Also, they indicate it is a different 

way of visiting a city in comparison with Google Maps, which is an 

application more destined to travel through a city by the shortest route. 

Finally, the users like the interaction that exists between them when they 

have to rate or to comment in the different routes or point of interests.  

On the other hand, the participants underlined the main disadvantages that 

they found in the application. The main problem that was founded when the 

users were following the route in a coherent and fast way on the map, 

because there is not indicator in the map and the application has 

sometimes a little problems when they want to find the better way to arrive 

of the point of interest. Also, they indicated that maybe it is necessary to 

include a line between the actual position of the user and the next point of 

interest that he has to visit.  

 

6.4. Results of the evaluation 
The experience obtained from the evaluation test has been magnificent. I 

have been able to know what the faults are and what improvements can be 

made. We have to recognize that this evaluation is not enough because we 

have to know the opinions of all the sector of the population. The main 

reason is because all the testers are between 21 and 24 years old and all of 

them are university students. However, we can highlight that application has 

been proved by people of three different countries, although they have a 

good English language level. It will allow me to include and to write about 

possible future lines for the next application.  
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The average marks has been obtained from the questionnaires in the 

different sections are: 

 USEFULNESS: 5,7/7 

 EASE OF USE: 5,8/7 

 EASE OF LEARNING: 6,25/7 

 SATISFACTION: 5,8/7 
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Chapter 7 

 

7. Conclusions and future 

work 
In this chapter I will explain the conclusions obtained after finishing the 

development and the evaluation of the system. Then, I will define the steps 

to follow for future work.  

7.1. Conclusions 
In the present dissertation, I have explained the concept of Cultural Trails 

and how it is possible to include it within an application by joining the part of 

the administrator that has been carried out. To apply this solution, I have 

exposed the phases of design, implementation and evaluation in order to 

explore the concept of Cultural Trails in a real situations and how can 

include this in an application that the user can use. Moreover, it was 

important to study the technology to implement our solution. Finally, one 

software prototype were developed for theses purpose and it was important 

to include the part of the administrator in this new prototype.  

The system implemented by one interface prototype solves the problem 

how the user can follow the routes that it has been included in the part of 

the administrator and also it was solved the problems related to cultural 

trails and routes. With this applications, to visit cities, towns or anywhere by 

walking a linear trail composed by many points of interest is a good solution 

for people who are interested in the travels. Furthermore, with this 

application the user can choice between the best routes filtered by interests 

and by the distance that he want to look for routes.  

The design carried out for the interface of the application is a quick, user-

friendly design and robust, and it allows the user to manage all the 

elements by different functions. Moreover, the appearance of this interface 

looks good and it is possible that attracts people who are interested in new 

technologies. 

The application has been developed so that the user spends the least 

amount of data possible when it is been using it. For this reason, all the 

information is stored in JSON files, where the information is details and 

easy to handle it.  

I have learnt how to use the geo-location in devices mobiles, both when I 

was working with Google Maps and with OpenStreetMaps. Moreover, I 
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have learnt the way of working with multiplatform applications and which 

tools I can use (Cordova). I have also understood how I can work with 

different frameworks to carry out a more efficient and faster design within an 

application. Finally, I have improved my knowledge about programming 

languages as PHP, JavaScript, HTML, CSS or AJAX. 

The evaluation of the app has showed me that it helps people to be more 

effective when they visit places in different cities. People find this software 

easy to use and they can learn and consider that it is useful this mobile 

application for their trips.  

Finally, writing this thesis personally it has been a challenge since I have 

been able to work with people from other countries and cultures, making it 

easier for me to improve my English level. 

 

 

7.2. Future work 
The next steps of this project can be:  

 Develop all the functionality in the app and in the admin web can 

manage all the tables of the database 

 Develop the application also in devices with operative system iOS 

 Develop the implementation of offline maps with OpenStreetMaps 

that allows you to obtain maps without having to pay a license. 

 Improve the geo-location navigation by using the libraries of Leaflet 

API and researching his multiple options. I meant that the user can 

find the route in an easier way with some indicator and line between 

the points of interest. The app should have provided more navigation 

facilities.  

 Think about a new concept of routes that create stories depending 

on the walked path and the visited points.  

 Include in the app the functionalities in order to add, delete or 

manage routes.  
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Appendix 
 

Instructions to test application 
 

 Enable the GPS location of your mobile phone 

 Download the application with the QR code 

 Before to launch the application you have to go the 

settings of your mobile phone  

o PermissionsStorageenable storage location 

permission 

 Sign up in the application  (Try to put a stupid password, because if it 

is your password that you usually use in the different sites I could see it, 

ahah) 

 Activate the account in your email 

 Log in in the application 

 Go to the option Cultural Trails 

o You can search routes with your actual position or if you choose 

point you can search with another position. 

 In distance select 20 km and interest select all. 

 Push choose point and write the name Valladolid and filter. 

 Check if appear a route from Valladolid 

o Now we are going to look for routes near our actual location. 

 In distance select 5 km and interest select urban heritage 

 If is everything correct, there is a route in the campus of 

university. 

 There is information about the route. You have to push the button with 

colour green to download the route. When you push and you accept the 

route, it should changes the colour of the buttons and at this moment we 

can start to follow the route in the university. 

 Push about the button start with green colour.  

 In the application has to show a map with different marks and different 

colour.  

o OrangeNext mark in the route 

o GreenMark that you have already visited. 

o BlueMark has not visited yet 

o FlagLast point of interest in the route 

 There is a blue circle that is your actual position 

 You can push about a mark and you can change in the information the 

order of the route if you push the option go. 

The target is go to the nearest orange marked point 
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Questionnarie 
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How does Cordova work? 
This section of the document explains in details how Cordova works step by 

step. 

1. Installing Cordova: Cordova command-line rund on Node.js and is 

available on NPM. 

2. Create proyect: 

a. You have to open the node.js and create a blank Cordova project 

using the command-line tool. Navigate to the directory where you 

wish to create your project and type cordova create <path>. 

3. Add platform: 

a. After creating a Cordova project, navigate to the project directory. 

From the project directory, you need to add a platform for which 

you want to build your app. 

b. To add a platform, type cordova platform add <platform 

name>. 

c. For a complete list of platforms you can add, run cordova 

platform. 

4. Run your app 

a. From the command line run cordova run <platform name> 

5. Add plugins 

a. From the command line, navigate to the project directory, you 

have to write cordova plugin <name_plugin> 

Once that it has been carried out these steps, it is generated in the path that 

the user created the project several folder with important files. The 

distribution of this files in the project of Cordova are explained in the next 

point of this report. 

Organisation of the files in Cordova 
In the Figure 76 is shown the folder in a project in Cordova 

 

Figure 76. Folders in a project in Cordova 

 



Cultural Trails Management and Development  Jorge Gómez Buena 

 

90 
 

 

Cordova folders are the following: 

 Hooks: represent special scripts which could be added by 

application and plugin developers or even by your own build system 

to customize cordova commands. 

 Node-modules: represent all plugins that the application needs to 

install for a correct operation. 

 Platforms: it is the folder where you will find the necessary files for 

each of the operating systems where the application is running.  

 Res: it is where the app storage the icons and images that the 

application will need it.  

 www: represent the root folder of the project contains the global 

files for all platforms. 

o CSS: to design of the application 

o Fonts: icons important in the application 

o Images 

o JS: code of JavaScript 

o Leaflet: libraries that the app need to eject map in 

OpenStreetMaps. 

o The files where the app is ejected with the different files. 

 Config.xml: is a global configuration file that controls many aspects 

of a cordova application’s behaviour.  

 

 

 

Organisation of the files in my project 
In the CD attached to this project you can find the code organised in two parts: the 

side of the administrator and the side of the app.  

 Administrator: there are the files necessary for ejecting the app in 

the server. 

 App: it is divided in two parts: 

o The necessary files to obtain data from the database, they are 

in saved in the server. 

o The Cordova project where the files discussed in the previous 

point and where you can create the apk with them. 

 The file with the apk, where the user can install in his mobile phone. 
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