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Resumen
Hoy en día, el inglés se ha convertido en una de las formas de comunicación más potentes. Aunque
los habitantes en China superan al número que hay en Australia, Reino Unido y Estados Unidos, el
número de las personas no nativas que hablan chino es de 700.000, mientras que el número de las
que hablan inglés es de más de un billón. Con estos datos, se puede ver cómo el inglés es esencial hoy
en día en la sociedad.
Durante los últimos años, el uso de dispositivos electrónicos y sobretodo el uso de los teléfonos
móviles se ha convertido casi en una necesidad. El uso medio de estos dispositivos es de
aproximadamente 4 horas al día, es decir, una gran parte de nuestro día.
Por otro lado, a medida que la gente va creciendo, los horarios se han vuelto más ajustados, siendo
cada vez menos tiempo libre. Teniendo en cuenta los datos recogidos, se puede decir que la mejor
forma de seguir haciendo progresos en el aprendizaje del inglés es una aplicación para el teléfono
móvil.
Este Proyecto de Fin de Grado mejorará la ya funcional aplicación UP2B2, actualizando la versión del
software, dado que la anterior se iba a quedar obsoleta y añadiendo nuevas funcionalidades para
facilitar la administración de los usuarios.
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Abstract
Nowadays English has become one of the most powerful ways of communication all over the world.
Even though China’s inhabitants outnumbers Australia, U.K and U.S.A, there are just around 700
thousand nonnative Chinese speakers[1] while there are more than a billion nonnative English
ones[2]. By this way it is proved English is essential in society today.
Over the last few years, the use of electronic devices, and above all, the mobile phone has turned
almost into a need. The average of use of these devices is around 3.9 hours per day [3], in other
words, almost one sixth of the day.
On the other hand, schedules have become tighter and tighter as people grow up, becoming less the
free time that is left. So keeping in mind the data collected, it might be said a mobile application is the
best choice for making progresses in the learning of the English language.
This Bachelor Thesis will improve the mobile application, called UP2B2, already done and operational,
by upgrading the software to the new version, developing new functionalities such as the location of
the students during the use of it or the improvement of the administrator’s side.
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1. Technological framework
1.1. MALL
1.1.1. Introduction
MALL is the contraction of Mobile-Assisted Language Learning and it is based on the rise of new
technologies, capable of offering a wide range of possibilities such as learning through the mobile
phone. It does not matter anymore the where and the when people wants to further improve their
language skills.
MALL does not substitute the current learning methods but it serves as a way to improve it because of
the ability of being used anywhere and anytime. In the table below it is specified how European men
and women from 20 to 74 years old spend their time [15].

TABLE 1 – TIME SPENT ON DAILY ACTIVITIES

As it can be seen, working, studying, domestic work and sleeping take more than the half of the
people's time during the day, whereas the free time is not as high as many as it would be wanted.
People spend around one and one hour and a half traveling from home to their workplace or studies
center. That time is usually wasted, but thanks to m-learning, that time can be used on improving
people´s English skills.
The world where it is lived nowadays is multicultural, being necessary to have a common channel of
communication, English.
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1.1.2. Current applications
There are more than 30.000 apps for language learning [5], but it will just be talked about the most
relevant ones. It can be divided into three big groups, such as:

Focused on
Speaking,
pronunciation
and listening
Speakingpal
Playsay
Palabea

Focused on
learning by
playing
Mindsnacks
Spelling bee
SingAndLearn

Focused on
learning
grammar and
vocabulary
Babbel
Wilingua
Voxy

TABLE 2 - CURRENT APPLICATIONS



Speakingpal: [6] It allows the users to speak with a virtual person, understanding what the users
are saying and pointing out the mistakes made while pronouncing the words.



Playsay: This application allows students to connect with other students. It provides them a
platform in which they can exchange English and Spanish conversations, improving so their
pronunciation by showing them, their mutual mistakes. A Spanish student will record a sentence
in English, and the English one will correct it. It also works in the other way around [7].



Palabea: The users just have to choose a language and a topic. Then, they have to wait until
someone wants to join them and they will start talking [8].



Mindsnacks: It includes 9 different games for learning vocabulary in a more interactive way
making easier the learning of it [9].



Spelling bee: This application is based on spelling different words by playing. It has more than
2000 words, classified in different levels of difficulty.



SingAndLearn: [10] It has several apps, based on different songs and levels. The most of them are
children songs, so the level will not be too high but it is a good option for beginners.



Babbel: [11] It has more than 3000 words accompanied by pictures and examples, making easier
to associate the words and learn them.



Wlingua: [12] It is quite complete, you can find more than 7000 words, divided by levels and
around 600 lessons from reading, grammar exercises and even listening either American or British
English.



Voxy: [13] It is similar to Wlingua but it also prepares you for official exams as the TOEFL one.

Although the most of these applications are very powerful, not everything is advantageous.
Technology has made great progresses, but it will take some more time to be on a level with a real
teacher. Some of the characteristics that make the difference are:


The applications just teach you a limited range of words and grammar. It is important to know the
structure of the sentences and new vocabulary, but when the users have a conversation with
someone else there is nobody correcting their mistakes. A solution to this problem could be
letting the app listening and record the whole time, and once the users open it show them the
mistakes that they had made.



Learning grammar and vocabulary is not fun and is it needed to repeat the words quite often not
to forget them. The solution to this problem could be learning by games or perform challenging
activities.



Some applications have the possibility to repeat the recording of a word or sentence, showing the
users the correct way to pronounce every word. In spite of this, this way is not 100% accurate,
being still better a native teacher.

17

2. Specifications and design restrictions
2.1 Application development
2.1.1 Introduction
The application development has been divided into several sections for explaining the chosen
technologies in an exhaustive way. Since the application was already developed using AngularJS, Ionic
1, MongoDB and NodeJS, why and how the migration to the newest versions has been performed is
going to be discussed later, in a deeper way.

2.1.2 Development environment
Before getting deeper with the environment it is needed to differentiate between the users and the
administrator side of the application. The users’ one was thought about being used from every device
such as a mobile phone, tablet or even the computer. For this, it would be necessary a hybrid
application, meaning a combination of HTML, CSS and JavaScript or Typescript technologies. This was
why it was thought about continuing developing it with Ionic 2. On the other hand, the
administrator´s side was thought about managing users, groups, questions and statistics, being more
comfortable to do these actions on a computer. This was the main reason why Angular 2 was still
chosen.
For the backend, NodeJS, Restify and MongoDB have been used, which explanations of why have
been also chosen will be found below.

2.1.3

Why migrate from AngularJS to Angular 2/4?

AngularJS was used on the previous version of UP2B2 application, so at the beginning of this thesis
the question: “Continuing developing the application with AngularJS or upgrade it to Angular 2/4?”
was made. At the end, it was decided to upgrade it due to several reasons. As this application will be
enhanced through the time the best solution was to upgrade the software before developing new
functionalities because it could be easier this way as it is still at the very early stages of development.
Another question that could be asked: “If AngularJS could become obsolete why not Angular 2?” The
answer to that question is simple; AngularJS is based on Javascript, whereas Angular 2 or 4 is based on
Typescript. Typescript is a superset of Javascript and this is why it looks so different from one version
to the other one.
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FIGURE 1 - TS AS A SUPERSET OF JS 1 [17]

The migration from AngularJS to Angular 2 was tough, while migrating to Angular 4 is just a matter of
adding new libraries and functionalities. It can be seen how much JavaScript and Typescript differ in
the example below:

FIGURE 1- ANGULAR 2/4 EXAMPLE

FIGURE 2- ANGULARJS EXAMPLE

Even if Angular is made for web development, the users will not feel the difference from using it with
the application or just opening it on the browser. So, by using just one programming language, the
users will have a web app for every kind of device, the only prerequisite is having a web browser in
our own device.

2.1.4

Why migrate from Ionic 1 to Ionic 2/3?

Ionic is built on top of Angular, so since it has been decided to upgrade from AngularJS to Angular 2/4,
it also makes sense to upgrade from Ionic 1 to Ionic 2/3. The Ionic webpage has been growing up little
by little, adding new examples of each component, and it is quite visual so it makes the users know
better what to use and how to do it.

FIGURE 3- IONIC WEBPAGE EXAMPLE

It allows the users to display how look would like any component on any platform. It also has a Git
repository so the users can access to it and download and use the code.

FIGURE 4 - IONIC GIT REPOSITORY EXAMPLE
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Ionic 1 used controllers and templates while Ionic 2 uses classes instead of controllers. Talking about
templates, they are still being used but the syntax has changed.

FIGURE 5 - IONIC 1 CODE EXAMPLE

FIGURE 6 - IONIC 2 CODE EXAMPLE

One of the other biggest changes has been
the structure of the project. While Ionic 1
was divided on a .js document for the
providers, and another one for the
controllers, Ionic 2 has a .html, .scss and
two .ts files. Ionic 2 keeps the project
much more organized in this way making
the application very modular.

FIGURE 7- VERSION 1 IONIC’S PROJECT

FIGURE 8- VERSION 2 IONIC’S PROJECT
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For each service defined inside the services.js file, a new NameOfService.ts has been created.
On the other hand, for each controller inside the controllers.js file, a new folder has been
created. Inside of this folder the two .ts files will be allocated, together with the .html and the
.scss files. The .html and .scss files will specify the design of that particular view. Ionic allows
you to build hybrid applications, which means that you will just have to develop an
application and it will allow you to run it in every platform (iOS, Android, Windows Phone).
Having a native application means, you will need someone who knows how to program in the
native language of each platform, such as Swift or Objective-C for iOS or C for Android. This
means a higher cost and higher time for developing the same app.
It is true that for applications that need a higher performance it is better to develop it with
the native language of each device, for example for video games, but since this application is
quite light and simple, building it hybrid will not make almost any difference.

2.1.5

Why NodeJS?

NodeJS is written on JavaScript and although Angular 2 is being used, as it is written in a
superset of JavaScript; it behaves as the application would be written in the same language,
both the front-end and the back-end.
As it can be seen on the chart below, Node is the one which is growing the most in an
exponential way more marked than the other back-end programming languages:

FIGURE 9 GROWTH OF BACK-END PROGRAMMING LANGUAGES [16]

One of the reasons could be that one of the most used languages is JavaScript, and due to
Node is based on it, it make sense this exponential growing.
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FIGURE 10– USE OF PROGRAMMING LANGUAGES TOGETHER WITH NODEJS [16]

The developers also prefer to use Angular and MongoDB together with Node:

FIGURE 11– USE OF PROGRAMMING LANGUAGES ALONG WITH NODEJS [16]

The main problem of Node is that its API changes frequently due to its early stage of
development, becoming some of the libraries often obsolete. These changes mean that even
if the server is working properly, if the API is updated, some of the functions implemented
before could stop working. This same problem has happened during the implementation of
this thesis, so it was decided to not update it in this stage.

2.1.6

Why MongoDB?

MongoDB is a really powerful, light and quick NoSQL database that uses JSON or BSON
documents. It allows the programmer not having a fix schema and so allows the JSON to grow
up and change as the application does. Because the development of the application has just
started, and it will be growing up during several years, improving it and adding new modules,
not having a standard schema will make the future development easier. During the
development of this stage, two new parameters have been added to the DB: the location and

the group of the users. Thanks to MongoDB this could have been done with no issues. NodeJS
understand JSON, so due to MongoDB uses it, the application will not have to translate it to
any other language such as using others developing languages while reading or writing to the
database.

2.1.7

New features and problems solved

The major improvement in this application has been the migration from one programming
language to the newest version. This was a needed step to perform due to AngularJS and so
Ionic 1, was going to become obsolete, being more effective to upgrade it sooner than later
and so, avoiding a bigger effort in the future, when the application would have been longer
and with more functionalities. Even though these programming languages will continue
growing, it will be just a matter of fixing problems and expanding the libraries.
Apart from this, the following new functionalities have been developed:
2.1.7.1. User´s location
It is useful for the administrator to know where the users are doing the tests so then he can
write statistical reports based on that information. The user will be asked for the application if
he wants to provide this information, otherwise he or she can just press on deny and it will
not be stored.

FIGURE 12 – THE APPLICATION ASK THE USER TO STORE THE CURRENT LOCATION

If the users have accepted to give this information to the application, it will be stored each
time they perform a test:

FIGURE 13 – WHERE IS THE LOCATION STORE
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2.1.7.2. Add group
This feature will be developed further in the following stages of the UP2B2 activity. This is
designed to split the users into groups. The idea is to create groups and then select the users
the administrator wants in each group. What is done so far if the creation of the groups
which are stored in another DB. The administrator can use this feature by navigating to the
main page, then select Manage groups.

FIGURE 14 – MANAGE GROUPS

Once the administrator press son Manage groups, the following view will be opened:

FIGURE 15 – ADD GROUP VIEW

From this view, the administrator can press the add group button, so the following window will pop
up:

FIGURE 16 – ADD NEW GROUP FUNCTIONALITY

The administrator will type the group´s name and then press the Add group button. Then the
administrator can check the different groups by clicking on:
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FIGURE 17 - GROUPS

3. Description of the proposed solution
3.1 Gamification
As it has been said before, one of the best ways of learning is by playing. This is why the
application contains several characteristics for the users to get motivated and competitive
such as:


Points → while doing B2 tests, the users’ points will increase or decrease, depending on
the number of questions that they guess or fail. Besides, if the users finish the test before
the half of the time set for doing the test, they will receive additional points.
The total score will be calculated by the following formula:
Total score = (Correct answers x 0,9) + (Incorrect answers x 0,4) + Extra points

The score the users can get if they finish the test before the half of the time is 10 points;
otherwise, they will get minus 10 points.




Classification → on the ranking page, the score can be seen anytime and so the order that
the users have in that moment. The maximum score that a user can get is 100 points and
the minimum is minus 50.
Statistics → on the statistics page, the users have the chance to see a summary of all the
tests they have done and so the correct and incorrect answers. They also can see the best
and the worst category letting them know their strength and weak points.

Regarding the play methods, made for the users not to get bored, currently there are two
different ones:


Competition → these tests are made for the users to earn points. The more tests and
correct answers they get, the higher amount of points they will get, and so the higher
position they will get.



Training → these tests are thought about helping the users to improve their English skills.
The users are able to filter which type of test they prefer: grammar, vocabulary. So they
can focus every time on their weakest points. The best thing is that the users while doing
the test, in case they choose an incorrect answer, the application will show them the
correct one.
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3.2 Diagrams
3.2.1

Sequence diagrams

Sequence diagrams are used to show the users the interactions with the different parts of the
application and server in a chronological way.
There are many possible sequence diagrams that can be explained, but just the most relevant
ones are going to be shown.
In first place, there will be two Register sequence diagrams. A one has been added as a new
functionality, due to in the previous version of the application it was not possible to the users
to register themselves; it was the administrator who did it. When the users open the app for
the first time, they will be able to press the Register button and so the sequence of messages
shown below will take place:

FIGURE 18– REGISTER SEQUESCE DIAGRAM (USER’S SIDE)

When the users fulfill the date for the registration process, a new POST request to
/up2b2/auth/register with this data. If there is no other user registered with the same
nickname, this new one will be added to the database. When this process has been
completed, a confirmation will be sent to the administrator and also an email to the users
with their nickname, the one they have chosen, and the password, generated randomly by
the server. This password will have to be changed once the users will login for the first time
for security reasons.

As it has been said previously, there is another way to register users, and this is done by the
administrator directly. The interactions that take place are quite similar than the previous
case, having the same POST request and sending the same confirmation to the administrator
and the email to the users.

FIGURE 19 - REGISTER SEQUENCE DIAGRAM (ADMINISTRATOR’S SIDE)

On second place, the Login sequence diagram is shown below:

FIGURE 20 – LOGIN SEQUENCE DIAGRAM
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The communication between the application and the server will be established by a POST
request to /up2b2/auth/login. The data needed to be sent inside this request is: nickname,
password and the login date. This information is checked on the server, both if the user exist
and also if the password typed is correct or not. If both are correct, it generates a hash of the
password being this sent to the database and checked with the stored one.
On third place, the process of a test request is shown below:

FIGURE 21 – TEST REQUEST SEQUENCE DIAGRAM

This process is started with a GET request to /up2b2/data/preguntas. This request contains
the nickname of the user, the type of test, and the login date if the user choose to start a B2
test, otherwise, if the chosen test is a training one, apart from this information, the category
and the difficulty will be sent too.
Depending on the type of test, if it is a training one or a B2 one, the server will request to the
database some questions or others. If B2 test has been chosen, it will ask for 10 questions
within the whole set of questions. On the other hand, if the chosen one has been the training
one, it will ask for 10 questions that match the filters established by the users. The users can
do as many training tests as they wants, while they will have to wait 10 minutes between a B2
test and another one. This is controlled because every time the users start a test, the date
and time is sent on the request.
Finally, when the users finish the test, this one will be sent to the server by a POST request to
/up2b2/data/enviarTest.

FIGURE 22 – FINISH TEST SEQUENCE DIAGRAM

Once the users finish the test, they can differentiate between when it is a B2 test and when it
is a training one. If it is a B2 one, the score is stored on the database and the total score of the
users are updated, being possible to change their position on the users’ ranking. The array of
the test completed by the user also increases by one. On the other hand if it is a training one,
the completed test’s array also increases by one, but the difference is that the score they get
will not count for the ranking, it will be just stored locally.
As it was said before, there are more diagrams that could be explained, but since the previous
ones are the most important ones, the rest of them will just be explained briefly.


Get user’s ranking → the method used for this is getRanking(). The login date and the
nickname will be sent next to the GET request to /up2b2/data/ranking obtaining the
whole ranking of users on the application.



Update nickname → the method updateNickname() can just be sent once, otherwise the
server will inform the users that they have already change it before and it is not possible
to do it more times. A POST request will be sent together with the login date, nickname
and the new nickname to the server, where the new nickname will be stored and it will
update another field indicating that it has been changed, so in case the users try to do it
again, the system will not let them do it.



Update password → the used method is updatePassword() and it can be done as many
times as the users wants. The login date, nickname, new password and the previous one
will be sent on a POST request to /up2b2/auth/updatepassword.
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Reset password → in case the users have forgotten their password, a new one will be
asked for by sendPassword() method. The login date and the nickname will be sent on the
POST request to /up2b2/auth/sendpassword where an email will be sent to the users with
a random password.



Confirmation when the users receives a test → by the confirmarRecepcion() method the
users confirms the reception of the test after the getTest() method. The score, nickname
and type of the test will be sent on a POST request to /up2b2/data/confirm.

The possible requests made by the administration side are:


Add a question to the application → the method used is addQuestion() and the
parameters send together with the POST request are the login date, the nickname and the
question that want to be added. This request will be sent to the path
/up2b2/data/addquestion.



Add several questions to the system → works in the same way than the addQuestion()
method, but in this case the admin will be able to import a csv with several questions on
it. This is also a POST request with the questions that wants to be added, the login date
and the nickname of the users, to the relative path /up2b2/data/addquestions.



Edit an existing question of the application →the method editQuestion() will send a POST
request to /up2b2/data/editquestion together with the login data, nickname and the
question the admin wants to edit.



Delete an existing question from the application → for deleting a question,
removeQuestion() will be used and it will send a POST request next to the login date,
nickname and the question id. The relative path for getting the question remove is
/up2b2/data/removeQuestion



Delete an existing user from the application → it works in a similar way than deleting a
question from the application, but in this case, the method removeUser() will be a GET
request to /up2b2/data/removeUser. For this method, the login data, nickname and the
users’ nickname will have to be sent.



Add a new group → the administrator will be able to add new groups throught the
method addGroup(), being this one a POST request to /up2b2/data/addGroup. Just the
group’s name will have to be sent.

3.2.2

Flow diagrams

After explaining the sequence diagrams and for a better understanding, some flow diagrams
are going to be showed, These diagrams explain every step to follow in a more clear and
orderly way.
In the first place, when the users open the application for the very first time, they have to
create an account. They will have to complete all the fields, such as name, nickname, degree,
id and so on. Every field has to be completed before proceed to the registration step. If they
have filled all the data, this will be sent to the server and the users will be stored. After this,
the application will take the users back so they can proceed to login and start doing tests.

FIGURE 23 – REGISTER FLOW DIAGRAM
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In the second place, if the users have already been registered, they will proceed to log in.
They will have to complete the nickname and password field otherwise the application will
not let them to go further. If the data is filled, they can log in after the server check if the
credentials are correct, otherwise they will be asked to fill them again. Once the credentials
have been checked and are correct, they will be redirected to the main page of the
application.

FIGURE 24 – LOGIN FLOW DIAGRAM

In the last place, the process for the realization of the test is going to be explained. After the
users are logged in, they have two options: choose to do training or a B2 test. If the users
have decided to practice they will choose the training one. The server will return a test
fulfilling the users’ filters that can be chosen on the training’s configuration page. The users
will complete this test and then at the end the results will be stored locally and also will be
sent to the server.

On the other hand, if the users choose a B2 test and they have not performed any other in
the last 10 minutes (time established between one test and another), the server will return a
test, otherwise they will be asked to wait the remaining time for those 10 minutes, before
starting a new one. Once the test has been finished, the server will store these results and
show them to the users.

FIGURE 25– TEST FLOW DIAGRAM
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3.3. Application design
3.3.1. Introduction
It has been decided to create both the WebApp, and the binary file, that makes possible to
upload the application to the market. The administrator and the users’ side of the application
have been separated. The administrator side is intended to manage users, upload new
questions and check statistics, being more comfortable to do it via web. On the other hand
the most of the users will use the app on their mobile phones or tablets, that´s why it has
been decided to keep using Ionic as a framework, otherwise it could have changed.

3.3.2. User views
To show how the application would look like for a user, a Sony Experia Z3 has been used.
If the users have already and account they should enter their credentials. The nickname on
the nickname field and the password on the password field. After that, the user should press
the Login button. If the user does not have an account, the user should press the Register
button. If the user has forgotten his password then the user should press the Forgot your
password? Button.

FIGURE 26 – MAIN VIEW

3.3.2.1. Login page
The users should press the Login button and the application will redirect them to another
page where they will have to enter their nickname and credentials.

FIGURE 27– LOGIN

The following alert messages can be displayed for the application:


NICKNAME ERROR

If the nickname is incorrect the application will display the following message:

FIGURE 28 – NICKNAME INCORRECT



CREDENTIALS EMPTY

If the users did not enter either the nickname or the password and they press the login
button

FIGURE 29 – CREDENTIALS EMPTY
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PASSWORD INCORRECT

If the password typed is not correct, the application will display the following message

FIGURE 30 – PASSWORD INCORRECT



FORGOT PASSWORD

If the users do not remember the password, the users can reset it. When the users press
the Forgot password button the following alert message will be opened.

FIGURE 31– FORGOT PASSWORD

This alert will ask for the nickname of the users and an email will be sent to their email
address. The email the users will receive looks like:

FIGURE 32 – FORGOT PASSWORD EMAIL



USER LOGGED IN IN ANOTHER DEVICE

The users can only be connected from one device at the same time so if they have logged in
in another one previously the following message will show up:

FIGURE 33– USER LOGGED IN IN ANOTHER DEVICE

It will close the previous session, so the users should enter again the credentials and this time
they could log in.

3.3.2.2.

Register page

If the users do not have an account, they can register themselves by entering their name,
nickname they would like to use, email, ID and degree.
The nickname cannot be used more than once, so if there is any other user with that
username they would have to choose another one.
The email address cannot be used more than once; the same person can just have one
account.
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FIGURE 34 – REGISTER

When the users register themselves, they will receive an email like the following one:

FIGURE 35 – WELCOME EMAIL

This email contains the password they will have to use when they log in for the first time.
Once they do that, they should change the password for security reasons, as this is just a
temporary password
The application will display the following alerts in the cases mentioned before:


NICKNAME ALREADY REGISTERED:

If the nickname the user chooses is already registered on the database, the following message will pop
up:

FIGURE 36 – NICKNAME ALREADY REGISTERED



NOT ALL FIELDS COMPLETED

When the user tries to register but some of the details are not filled in:

FIGURE 37 – FIELDS NOT COMPLETED

3.3.2.3.

Home page

Once the users have logged in, the following window will be displayed:
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FIGURE 38 – HOME PAGE
In this main page the users can choose to do a training test or a B2 test (exam). The users can
also configure the training test, adapting it to their level.

FIGURE 39 – CONFIGURATION TRAINING TEST

There are three levels of difficulty: easy, medium, hard. Regarding to the category, the users
can find: grammar, vocabulary. Finally, the tests can last 5, 10 or infinite time.

3.3.2.4.

Test page

Even if there are two kinds of tests, B2 and training, the design is the same for both of them,
so they will be explained in this point together.
Once the users click on one of these tests, a new window will be displayed. This window looks
like:

FIGURE 40 – TEST PAGE

There are two counters. One for the remaining questions and the other one for the time of
the question. There is a maximum of 20 seconds on each of the questions. Each question has
4 possible answers and the users should pick one of them, or not answer. If the question is
correct, its color will turn green, otherwise it will turn on red and the correct one will be
marked as green.
Once the users have finished the test, a new window will appear showing several fields for
the correct, wrong, not answered questions and the time spent on the text.
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FIGURE 41 – TEST COMPLETED

After checking their results they can click on Complete and return to main menu, taking them
back to the Home page.

3.3.2.4.1.

START A COMPETITION TEST

When the user click on start a B2 test, the following message will show up:

FIGURE 42– START COMPETITION TEST

If the user selects No, it will return to the Home page, if the user selects Yes, it will start the
competition test.

3.3.2.4.2.

START ANOTHER COMPETITION TEST

If the users have decided to start a new competition test after doing another one, and the
time passed between one and the other one is less than 13 min, the application won´t let you
start it.

3.3.2.5.

Ranking page

In the ranking page the position on the ranking will specify the name of the students and the
score that they got.

FIGURE 43 – RANKING PAGE

3.3.2.6.

Account page

The users can check their own account details and change their nickname or password.
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FIGURE 44 – ACCOUNT SETTINGS PAGE

From this view the users can navigate to different pages that will be further explained below:

3.3.2.6.1.

CHANGE NICKNAME

From the account settings view, the users are able to change their nickname. The message
that pops up warns you that you can only do it once.

FIGURE 45 – CHANGE NICKNAME

3.3.2.6.2.

CHANGE PASSWORD

When the users press on the change password button a new window will pop up. The
password can be change as many times as the user wants.

FIGURE 46 – CHANGE PASSWORD

3.3.2.6.3.

CHECK TEST COMPLETED

If the users press on the button Test completed the application will redirect them to a new
page. This page will show the users several information, such as the date they performed the
test, the time spent, the score they got and if the test they performed was a training or a
competition one.

FIGURE 47– TEST COMPLETED
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3.3.2.6.4.

CHECK PERSONAL STATISTICS

The users can check their personal statistics anytime by clicking on the Your statistics button.
The application will navigate to another page showing the users the best and the worst
category and the number of correct and incorrect answers. This is useful due to the users will
be able to know in which category they have to improve.

FIGURE 48 – PERSONAL STATISTICS

3.3.3. Admin views
3.3.3.1.

Login page

The login page is the same than the users’ one

3.3.3.2.

Test page

This page has been removed from the previous version; since the administration side of the
application is made for manage users and questions. So the admin can have a user account to
do so if they would like to.

3.3.3.3.

Ranking page

The admin is able to see the ranking of the users in the same way than them. The group
column has been created for the new users, due to in the future the administrator will be
able to see this information

FIGURE 49 – RANKING PAGE
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3.3.3.4.

Account Settings page

The account settings view is also the same one than the one for the users, being able to
change the password as many times as it is wanted. They are also able to change its nickname
just one time as the users. The test completed and statistics pages has been deleted since it
has been decided to make two separately applications, one just for managing users and
questions, and the other one for making tests.

FIGURE 50 – ACCOUNT SETTINGS PAGE

3.3.3.5.

Administration page

From the administration page the administrator is able to edit questions, see the statistics of
the users and adding new users if needed. The full functionality of managing groups button
will be completed on the next stages of the application.

FIGURE 51 – ADMINISTRATION HOME PAGE

3.3.3.6.

Questions page

From the administration page, clicking on Questions, the admin can add a unique question,
import it on a .csv, edit or remove the current ones or search for the ones which contain
some specific text.

FIGURE 52 – ADD QUESTIONS PAGE
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3.3.3.6.1.

ADD QUESTIONS

On the questions page, if the admin click one add a question, they can add the text of the
question, the four possible answers, having to click on the correct one, They can also choose
the difficulty, the category and the time for complete that question, so when the users are
doing a training test and they are choosing some filters, the correct questions will be
displayed.

FIGURE 53 – ADD A QUESTION

3.3.3.6.2.

SEE ALL QUESTIONS

The administrator is able to review every question added previously. From that view he or she can edit
or delete any of the questions available.

FIGURE 54 – SHOW ALL QUESTIONS

3.3.3.6.2.1.

EDIT A QUESTION

If the administrators click on the edit button, they will be able to change the questions, the
answers, the correct answer, the category, the difficulty and the time for solve the question.
If the Save changes button is pressed, it will save the changes performed on the question,
otherwise it will remain the same.

FIGURE 55 – EDIT QUESTION

3.3.3.6.2.2.

REMOVE A QUESTION

If the administrators click on the trash button it will display a message asking them if they are
sure to delete the question. If Ok is pressed, the question will be deleted, otherwise it will
not.

FIGURE 56 – REMOVE QUESTION
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3.3.3.6.2.3.

SEARCH QUESTION

If the administrators want to look for a specific question, they can do it by typing whatever
they want on the Search field, displaying just the questions which contain that text. Once it is
filtered, the admin can edit or remove that question.

FIGURE 57 – SEARCH FOR A QUESTION

3.3.3.7. Statistics page
From the administration page, if the administrator clicks on the statistics button, the top
failed and top correct questions will be shown. This is really useful so they can add new
questions or focus on the incorrect ones, so the users will learn more and correct their
mistakes.

FIGURE 58 – STATISTICS PAGE

3.3.3.7.1.

SEARCH USER BY ID

It will display all the users that match with the id the administrator has selected.

FIGURE 59 – SEARCH USER BY ID

3.3.3.7.2.

SELECT USER

The admin can click on the users to see further details

FIGURE 60 – SELECT USER

The admin can click on OK to close this view or on Test completed to display the details of the
test the users have done so far. It will give the admin, some useful information like the date,
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the time, the score, the device used and the test´s type. In this version another column has
been added, showing the admin the location of the users while doing the tests

FIGURE 61 – USER´S TESTS

To close this view the admin has to click on OK and it will return them to the statistics view.

3.3.3.7.3.

ADD USER

If the administrators want to, they are also able to add a new user, having to fulfill the fields
shown on the screenshot below:

FIGURE 62 – ADD USER

3.3.4. JSON Schema
There are several schemas for the representation of the data.
3.3.4.1.

General schema

FIGURE 63 – GENERAL JSON SCHEMA

The previous schema can be split into three different ones: the user’s one, the test’s one and
the question´s one. They will be explained in a deeper way below.

61

3.3.4.2.

User account schema

FIGURE 64 – USER ACCOUNT SCHEMA

Degree: it can be differentiated between four degrees:
o
o
o
o

Grado en Ingeniería Telemática
Grado en Imagen y Sonido
Grado en Electrónica
Grado en Sistemas de Telecomunicaciones

DNI: User´s ID
Email: User´s email
Gendre: User´s gendre, male or female
Login date: The time the user logged in
Name: User´s name
Nickname: User´s nickname
Nickname changed: If the users have changed their nickname the value will be true,
otherwise it will be false
Password: User´s password. As it can be seen it is encrypted
Rol: User´s role. If it is a normal user the value will be user and if it is the administrator it will
be admin
Score: User´s score
Tests: Array of tests the user has performed
Timestamp: when the user has logged in

3.3.4.3.

Test schema

FIGURE 65 – TEST SCHEMA

Answered questions array: The questions of the test
Devide used: The device used for performing the test
Id test: Test´s ID
Score Test: Points the user has got in the test
Test date: When the user has performed the test
Time test: Time spent in finishing the test
Tipo test: True if it is a competition test and false if it is a training one
User agent: Specifications of the device used

3.3.4.4.

Question schema

FIGURE 66 – QUESTION SCHEMA
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Answers array: The possible four answers of the test
o Answer text: answer
o Correct answer: false if the answer is incorrect and true if it is correct
Categories array: possible categories of the test. It could be grammar, vocabulary…
o Name: name of the category
Difficulty level: difficulty of the question. It goes from 0 to 4, the higher, the harder it is
ID: Question´s ID
Max time item seconds: time the user has to answer the question
Question text: question

3.3.5. Security mechanisms
As it could be seen on some of the previous sections, the information is sent encrypted for
security reasons. Some of it has doubled this security, because the information that contains
is more sensible than another.
The application has two security mechanisms, as it has been said before; one of it is used for
encrypting the exchanged information between the application and the server. For this
CryptoJS AES algorithm has been used both on the client side and the server side.
On the other hand, for not the administrator to be able to see the password on text plain,
another security mechanism is used. In this case, the encryption will be done on the database
by using bcrypt. Bcrypt creates a hash for the password and then it will compare that stored
hash with the one the users enters by the time they logs in.
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4. Budget
There is not fixed salary for a developer, being a point to discuss between the customer and
the own engineer. After looking in several pages, all of them offer an average between 24.000
and 26.000, so we will use 25.000 as wage base [18].
The costs associated to this thesis could be divided into:
1.
2.
3.
4.

Human resources
Hardware
Software
Total costs

Details of the previous points will be discussed below.

4.1. Human resources
The human resources cost depends on the time spent on developing the application. We will
take into account 21 days per month, excluding the weekends, and 3 hours per day.
In first place the cost per hour should be calculated:

𝑆𝑎𝑙𝑎𝑟𝑦 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 =
𝑆𝑎𝑙𝑎𝑟𝑦 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 =

𝑊𝑎𝑔𝑒 𝑏𝑎𝑠𝑒
𝐻𝑜𝑢𝑟𝑠 𝑤𝑜𝑟𝑘𝑒𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟

25.000 𝑒𝑢𝑟𝑜𝑠
12 𝑚𝑜𝑛𝑡ℎ𝑠 𝑥 30 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑚𝑜𝑛𝑡ℎ 𝑥 8 ℎ𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦

𝑆𝑎𝑙𝑎𝑟𝑦 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 = 8.68 Euros per hour

We can now proceed to calculate the total cost of this project:

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 = 𝑇𝑜𝑡𝑎𝑙 ℎ𝑜𝑢𝑟𝑠 𝑥 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟
𝑇𝑜𝑡𝑎𝑙 ℎ𝑜𝑢𝑟𝑠 = 15 𝑚𝑜𝑛𝑡ℎ𝑠 𝑥 21 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑚𝑜𝑛𝑡ℎ 𝑥 3 ℎ𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦
𝑻𝒐𝒕𝒂𝒍 𝒉𝒐𝒖𝒓𝒔 = 𝟗𝟒𝟓 𝒉𝒐𝒖𝒓𝒔
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 = 945 ℎ𝑜𝑢𝑟𝑠 𝑥 8.68 𝑒𝑢𝑟𝑜𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟
𝑻𝒐𝒕𝒂𝒍 𝒄𝒐𝒔𝒕 = 𝟖𝟐𝟎𝟐, 𝟔 𝒆𝒖𝒓𝒐𝒔

The total human resources cost is 8202,6 Euros.
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4.2. Hardware
The costs of the hardware used will be discussed below. To the cost of the hardware we will
add the cost of the electricity, leaving the server running 12 hours per day

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 = 15 𝑚𝑜𝑛𝑡ℎ𝑠 𝑥 30 𝑑𝑎𝑦𝑠 𝑥 12 ℎ𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦 𝑥 0.199 𝑒𝑢𝑟𝑜𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 = 1074,6 𝑒𝑢𝑟𝑜𝑠
Term
Cost
Computer
600 euros
Monitor
100 euros
Electricity rate
1074,6 euros
Total cost
1774,6 euros
TABLE 3 – HUMAN RESOURCES COST
The total cost of the hardware resources amounts to 1774,6 euros.

4.3. Software
The following table will show the costs of the software used:
Term
Operating system
Microsoft word 2010

Cost
0 euros (open
source)
80,57 euros

Total cost
80,57 euros
TABLE 4 – SOFTWARE COST
The total cost of the software resources amounts to 80,57 euros.

4.4. Total cost
Adding up the previous costs, it gives us the total cost of this thesis:

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 = 8202,6 + 1774,6 + 80,57 𝑒𝑢𝑟𝑜𝑠
𝑻𝒐𝒕𝒂𝒍 𝒄𝒐𝒔𝒕 = 𝟏𝟎𝟎𝟓𝟕, 𝟕𝟕 𝒆𝒖𝒓𝒐𝒔

The total cost of the thesis stands at 10.057,77 euros.

5. Conclusions
For finishing the degree, the students must get English B2 level, so it is essential for them to
use any tool at their disposal to practice and get it. University give them several ways to get it
such as go on Erasmus and other international exchanges, some English courses and now,
students will also have an application to practice in their free time.
I think this application has been a really good idea to make the students get this level. On one
hand they will practice and focus on their weakest points, and on the other hand, the
teachers will know those weak points being able to fix them more easily by focusing the
English lessons on those ones.
On the client side of the application some obstacles were found. As in the previous version of
the application, some difficulties have been found due to the change of versions. The original
application was based on JavaScript, while the new one is based on Typescript. As it has been
shown during the previous points, JavaScript and Typescript are quite different, not making
the process of migration really easy from one version to another one. Even though the
application was already done, some functions and libraries were not available anymore on
the new version of the framework, so new ones had to be found to migrate the application
and make it work on the same way than the original one.
On the server side, as NodeJS have not changed that much, the previous server already
working could be used, not having to perform any changes apart from the new functionalities
of the application, not being really difficult to do so.
The biggest problem and effort at the beginning was neither JavaScript or Typescript were
familiar to me, so I had to learn first to understand the application already implemented, and
once this was done, learn a new language for being able to migrate the application. It was a
hard and long way to do but thanks to this, now I am able to understand both languages,
being important and really useful for my future.
Finally, I have the opportunity to learn something about databases by using MongoDB that
was not either familiar to me.
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6. Future work
Even though some of the previous tasks were implemented, such as making the application
more friendly and adding some new functionality on the administration side, this thesis was
more about migrating the application than adding new functionalities. Because of that, there
are still some pending tasks from the previous thesis:
● Keep improving the application by adding new gamification functionalities for the
users. One of them could be adding a new game where the users can play against
another one, making the learning more challenging. Another one could be deleting the
maximum and minimum score the users can get. When a user gets the maximum
score it will not motivate them anymore to get the best classification
● Adding a help page, where the users will be able to report any problem or any
suggestion for the improvement of the application.
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8. Appendix
Appendix I. Frontend environment installation
Before proceeding to install Ionic 2 it will have to be downloaded NodeJS 6 or greater and
then proceed to install the Ionic CLI and Cordova.
For the installation of NodeJS, the next steps will be followed:
$ curl -sL https://deb.nodesource.com/setup_6.x | sudo -E bash $ sudo apt-get install -y nodejs

Then, the installation of cordova and Ionic can take place:
$ npm install -g ionic cordova

The use of “sudo” might be used to install it.
$ ionic start UP2B2 --v2 → creation of Ionic 2 project named
“UP2B2”
$ cd UP2B2 → go to your project’s folder
$ ionic serve → once you are in your project’s folder, start it.

If you navigate to the Ionic webpage ionicframework.com
If the tutorial template isn’t something you want to use, Ionic has a few templates available:
●

tabs : a simple 3 tab layout

●

sidemenu: a layout with a swipeable menu on the side

●

blank: a bare starter with a single page

●

tutorial: a guided starter project

If you don’t specify a template by running ionic start MyIonic2Project --v2, the tabs template
will be used.
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Appendix II. Build APK and upload it
Android users
The development has been carried out in a Macintosh, so all the steps detailed are for this operating
system:
Opening the Terminal, and situated in our project´s folder, we will execute the following commands:
$ npm install -g cordova
$ cordova platform rm android (optional)
$ cordova platform add android (optional)
$ ionic cordova build android

The optional commands are just needed in case we tried to create the .apk before unsuccessfully.
During the execution of these commands we faced several problems, that will be shown here and the
way to solve them.
In first place:
Error: Failed to find 'ANDROID_HOME' environment variable. Try setting setting it manually.
Failed to find 'android' command in your 'PATH'. Try update your 'PATH' to include path to
valid SDK directory.

We
need then
to proceed
with
therunning
instalation
of Android
Studio,(exit
thatcode
can 1).
be done in the following
[ERROR]
An error
occurred
while
cordova
build android
link: https://developer.android.com/studio/index.html#downloads
Once it is installed, we will try again the following command:
$ ionic cordova build android
It failed again, but this time the problem was another one:
Error: Could not find gradle wrapper within Android SDK. Might need to update your Android
SDK.
Looked here:
/Users/Bea/Library/Android/sdk/tools/templates/gradle/wrapper
Instalation
of Gradle
[ERROR] An error occurred while running cordova build android (exit code 1).
https://gradle.org/install/#helpful-information

This time the error message is telling us that we need to install Grandle, so we will proceed with that.
We will go to https://gradle.org/install/ and follow the different steps. We will download the file and
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the other configuration needed. If we just download the application, another error message will show
up:
(node:1935) UnhandledPromiseRejectionWarning: Unhandled promise rejection (rejection id:
1): Could not find an installed version of Gradle either in Android Studio,
or on your system to install the gradle wrapper. Please include gradle in your path, or install
Android Studio

This time it is telling us that we need to export the path, as it is said in the Grangle webpage:
$ export PATH=$PATH:/Users/Bea/clasesPFG/gradle-4.6/bin

After this we try again:
$ ionic cordova build android

At the end it failed:
BUILD FAILED
in 1m 7s
(node:2246) UnhandledPromiseRejectionWarning: Unhandled promise rejection (rejection id: 1):
Error: /Users/Bea/clasesPFG/client_user/platforms/android/gradlew: Command failed with exit
code 1 Error output:
FAILURE: Build failed with an exception.
* What went wrong:
A problem occurred configuring project ':CordovaLib'.
> You have not accepted the license agreements of the following SDK components:
[Android SDK Platform 26].
This happened because before building your project, you need to accept the license agreements and
complete the installation of the missing components using the Android Studio SDK Manager.
For accepting them, we need to execute the following commands:
$ cd ~/Library/Android/sdk/tools/bin
$ ./sdkmanager –licenses
It will ask us if we want to review the licenses that have not been accepted, having to press yes, and
then accepting all of them.

Once all of these steps are completed we will be able to generate the .apk:
$ ionic cordova build android
[OUTPUT OMITTED]
BUILD SUCCESSFUL in 53s
47 actionable tasks: 47 executed
Built the following apk(s):
/Users/Bea/clasesPFG/client_user/platforms/android/app/build/outputs/apk/debug/app
-debug.apk

The apk has been stored in the path specified above:
/Users/Bea/clasesPFG/client_user/platforms/android/app/build/outputs/apk/debug/app-debug.apk
Once we have the .apk file and since we are not going to upload it to any market yet, due to there is
some fee that needed to be paid, we will save our .apk in our server, so everyone with the link can
download it.
Since this app is not on the market, we will need to change some of the configuration on our phone,
otherwise it will not let us install it.
Go to Settings  Security  Check Unknown sources (Allow installation of apps from unknown
sources
Navigate to the URL up2b2.etsist.upm.es/bin/UP2B2.apk, Chrome (or the browser you have installed)
will pop up a message, asking you if you really want to download this file, due to it could be dangerous
and insecure for your phone. Press yes, and once it is downloaded you will be able to use the
application.
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