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Abstract 

This capstone project incorporates the well-known Picture Exchange Communication System 

into a messaging application to help people suffering from the Autistic Spectrum Disorder 

better communicate with others. This paper presents the requirements analysis, the design, 

and implementation of a mobile application using the REST technology. This project also 

serves the purpose of learning new technologies and discovering new concepts. It will serve 

as an introduction to mobile development using the Android operating system, and to learn 

more about web services using the REST architecture along with the technologies related to it. 
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Introduction 

 

People suffering from the Autistic Spectrum Disorder find the most basic everyday tasks very 

difficult to perform due to their inability to communicate normally with others. Throughout 

time, many attempts have been conducted to facilitate the learning of a new language and try 

to help ASD children and grownups to communicate more easily with other people. The most 

famous system nowadays is called the Picture Exchange Communication System (PECS). 

PECS methodology is very simple and clear. Objects are represented as pictures in cards that 

are used to express the needs and wants of ASD sufferers. This system has been proven to be 

very efficient in teaching the basics of a language and helping autistic people communicate 

with others in a social context.  

This protocol is mainly divided into six phases of increasing difficulty:  

 Phase I - How to communicate: This phase is mainly to teach the student the 

ground rules of PECS. They learn how to pick up cards representing the object they 

are interested in. For example, a child that desires an apple will learn how to pick up 

the card representing that object and give it to his teacher. 

 Phase II – Distance and persistence: During this phase, the student learns how to 

initiate the conversation when his teacher is not around him. 

 Phase III – Discrimination between symbols: Throughout this phase, the student 

learns to make choices between different objects. For instance, a student is asked 

what his favorite food is when he is given two cards of apples and oranges.  

 Phase IV – Sentence Structure: This is a crucial step in which the student learns 

how to formulate useful sentences where he expresses his wants and needs.  
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 Phase V – Answering a Direct Question: During this phase, the student learns how 

to answer questions like ‘What do you want?’ using sentences like ‘I want candies’. 

 Phase VI – Commenting: The students are taught to answer more frequently to 

questions such as ‘what do you see?’ or ‘what is it?’ and so on. They are more and 

more able to comment on different questions asked of them. 
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Project Scope & Purpose 

The idea of this project is to implement PECS into a mobile application that supports 

messaging features in order to emphasize the communication aspect of the system. 

The project’s outcome will be an Android application for smartphones and tablets. Therefore 

PECS can be easily accessible when the family is traveling or far away from the physical 

PECS cards. It could be easily implemented in schools that offer programs for ASD children 

and they can easily access thousands of words in a matter of clicks.  

The purpose of this messaging ASD application is to take PECS to a whole new level: 

anybody anywhere in the world can access this resource to help children and adults suffering 

from the Autistic Spectrum Condition.  

The added value of this project is that it offers the ability to chat and communicate through its 

messaging features. In fact, the application helps them improve the fundamental 

communication skills that they are going to need in a real world situation. 
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Project Plan 

This section of the report describes the methodology and the planned time for the completion 

of each stage.  

Methodology 

Prior to starting the project, my supervisor and I agreed to adopt the following approach.  

First, we proceeded with analyzing the different aspects and information we initially know of 

the project. This implies to start with a general understanding of PECS and how it is usually 

used.  

The next step was to do a requirements and specifications analysis to determine the functional 

and mandatory functionalities we want to implement under this project. Then, we determined 

the constraints and non-functional requirements we wanted to implement in this project. 

Finally, we also needed to gather the user interface requirements to be more specific about 

how the GUI of the application will look and feel like. User interface is always important but 

in our application it is of paramount importance as many sufferers of ASD are known to get 

easily frustrated with interfaces or functionalities that are not exactly the way they anticipate 

it or are used to. (National Institute of Mental Health, 2011) 

The next step is the design of the application. We decided to split our application into two 

modules. The first being the web service that will mainly include the implementation of the 

various functions that constitute the actual application. The second module is the Android 

client that is mostly user interface interacting with the web service. Consequently, to design 

the application, we needed to design, as a first step, the web service.  
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Software Development Methodology 

Regarding choosing a software engineering process model, we decided to use the Waterfall 

Model because it distinguishes and clarifies every step before moving to the next one.  

One of the reasons that helped us take this decision is the amount of necessary learning 

involved in each technology. Therefore, we needed to make sure to have all the necessary 

information before moving to the next one, so we can spend more time learning and 

experimenting with the different technologies involved in the phases of the engineering 

process methodology.  

Another reason of why we have chosen the Waterfall model is because we have decided to 

split the server side from the client side. Thus, using this model allowed us define all the 

necessary requirements to use in each side ahead of time and the technologies we need.  

  



PECS Messaging Application    -    12 

Project Timeline 

Milestones Week(s) 

Finding a supervisor and choosing a capstone project Week 1, 2 

Feasibility study Week 3  

Requirement analysis Week 4 

Design Week 5, 6, 7 

Implementation Week 8, 9, 10, 11 

Final report Week 12 

Final presentation Week 13 

Table 1. Project Timeline 
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Personal Expectations from this Project 

This section describes the primary goals of this capstone project, and their difficulties. 

 

1 Learning and building an application for Android. MEDIUM 

 

Objective 1: This capstone project represents a real opportunity to learn the basics of the 

Android development, therefore, the basics of mobile development. I consider this objective a 

medium difficulty because it is mostly based on the JAVA programming language which I 

already have studied in the university. Nevertheless, the Android development introduces 

many unique libraries and APIs that are interesting to understand and work with. 

2 Learning how to work with web services and take benefits from them. MEDIUM 

 

Objective 2: Web services are nowadays more and more common in the web, and with the 

help of this project, I can learn more about them, and deepen my knowledge about the various 

technologies in this sector. The difficulty is medium because I already have been introduced 

to web services in the previous semester during my Internet Technologies class. Hence, this is 

also an opportunity to learn more and apply my already acquired knowledge on the subject. 

3 Learn a new concept about Artificial Intelligence. HIGH 

 

Objective 3: As far as the application is concerned, the way symbols are selected can be 

optimized as the number of PECS’s images increases. Therefore, doing some research and 

learning how this problem can be solved imposed itself in my mind. Hence, I decided to learn 
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new concepts in Artificial Intelligence that might help me solving and optimizing the way of 

picking a symbol.  

4 Contribute to the outside world, and help solving a problem. LOW 

 

Objective 4: The capstone semester represents the last semester I have to spend at the 

university, and the opening to the outside word. It was obvious to make my capstone project 

interesting by helping solving a real world problem and make it one of my greatest 

achievements in the near future.  
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1. Feasibility Study 

1.1. Economic Feasibility 

We intend to develop and make available this application for free. Thus, the project is 

economically feasible as the only requirement for a user is a functional smart phone with the 

Android operating system. 

1.2. Existing Solutions 

There are multiple applications online that propose teaching how to use the Picture Exchange 

Communication System; however, there is none on the Google Play Store that proposes 

messaging feature to allow autistic children to learn and communicate with each other. We 

give a brief description of the various PECS-related applications we found. 

‘PexPix’ (Android): 

This application teaches ASD children to communicate in a chosen language. It provides a 

large database of images to which the user can record his voice speaking the symbol or use 

the by default recorded voice in order to teach the child how to speak. In other words, it 

teaches people suffering from ASD how to communicate with real language by using PECS.  

One of the advantages of this application is the ability to record a voice speaking the symbol. 

This functionality allows the parents/teacher to either use the default language or to record the 

objects using another language. Therefore, it allows the application to be flexible with any 

language. However, ‘PexPix’ does not provide any messaging feature that allows the end user 

to communicate and exchange messages with other users. It only works offline, and only 

teaches the basics of PECS. Furthermore, the application is developed only for Android, but 

not for iOS as well.  
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‘Proyect@ PECS’ (Android): 

This application helps autistic children to learn how to construct and structure sentences by 

providing a large amount of PECS symbols. It also categorizes the PECS into different 

sections to facilitate the selection of pictures and the phrasing of sentences. 

The advantage of this application is its ability to provide a clear screen of selection with many 

categories to choose from. The application was developed around the idea of helping ASD 

people to formulate sentences; however, it does not provide any means to communicate with 

others, nor does it provide an iOS version. 

‘PECS Phase I’, ‘PECS Phase II’,’PECS Phase III’,’PECS Phase IV+’ (iOS): 

These applications are divided into the phases of the Picture Exchange Communication 

System. Each application represents a specific phase, and focus on teaching people suffering 

from ASD each phase of the system. This allows each application to provide a range of 

functionalities specifically destined to a phase of the system.  

The problem with these applications is the fact that they are paid application only available on 

iOS. This limits dramatically the number of users as there are more Android users nowadays 

than iOS, and because a user needs to buy each application separately on the Apple App 

Store. In addition, these applications do not come with messaging features as they are 

intended only for teaching PECS. 

1.3. Relation to analog PECS 

In the above survey, we have emphasized the fact that none of the existing PECS-related 

software applications have message capability. We have done this for the following reason: 

one of the uses of the analog card-based PECS is to facilitate for an ASD sufferer to be able to 

communicate with his/her caretakers, family members, and friends. In light of this, it makes 



PECS Messaging Application    -    17 

good sense to develop a digital-based PECS to allow the same facilitation through modern 

communication and information devices. 

1.4. Technological Analysis 

The application will require a stable internet access as it is a messaging application. In fact, 

for the same reason that we emphasized a good user interface, namely the tendency of ASD to 

expect consistency and stability in their environment, it must be emphasized that reliable and 

fast internet connection will be quite essential for this tool to have relevance for the ASD 

community. 

In order to achieve good performance, the application will be a native app downloadable from 

the Google Play Store once released.  
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2. Requirements Analysis 

2.1. Functional Requirements 

No. Requirements Input Output 

1.  The user shall be able to register in the system 

Username 

Password 

Email 

New account 

2.  
The user shall be able to login through a username 

and a password 

Username 

Password 
Login / Error 

3.  The user shall be able to see their profile - - 

4.  
The user shall be able to modify their personal 

information 
- - 

5.  The user shall be able to search for a contact Search query Results 

6.  The user shall be able to add new contacts Friend request 
Accept / 

Refuse 

7.  The user shall be able to delete a contact - 
Delete 

contact 

8.  The user shall be able to see other contacts’ profiles - - 

9.  
The user shall be able to begin a new conversation 

with a selected contact 
- Messages 

10.  
The user shall be able to follow a tutorial to learn 

how to use PECS symbols 
- - 

11.  
The user shall be able to dismiss the tutorial and 

start using the messaging app without prior 

learning of PECS. 

  

12.  
The user shall be able to browse a large variety of 

PECS symbols and choose the one he wants 
- - 

13.  
The user shall be able to group many PECS 

symbols to represent a full sentence. 
- - 

14.  
The user shall receive normal messages or 

messages of PECS symbols 
- - 
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15.  
The user shall be able to use PECS’s symbols to 

communicate with a selected contact 
- - 

16.  
The user shall be able to switch back and forward 

to a normal keyboard or a PECS keyboard 
- 

Letter 

keyboard / 

PECS 

keyboard 
17.  The user shall be able to logout - Logout 

18.  
The user shall be able to request a new password if 

he ever forgets the actual one 

Request new 

password 

New 

password 

19.  
The user shall be able to get and see push 

notifications whenever an event happen 
New event 

Push 

notification 

Table 2. Functional Requirements 
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2.2. Non Functional Requirements 

No.  Requirements 

Product Requirements 

20.  Usability  The user interface should be easy to use and understand 

21.  Performance 
The system should be quick at responding to the various requests 

of the user 

22.  Space  
The mobile application shouldn’t take a lot of space to fit the 

Android criteria. 

23.  Reliability  The system should satisfy the users’ needs and be accessible 24/7 

Organizational Requirements 

24.  Delivery 
The project should be delivered with all the progress made at the 

end of the fall semester. 

25.  Implementation 
The mobile application will be developed with the Java 

programming language. 

Table 3. Non Functional Requirements 
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2.3. Interface Requirements 

The interface requirements represent a very important aspect of our project, since we are 

dealing with people suffering from Autistic Spectrum Disorder (ASD). Therefore, we should 

take into consideration how the application look and feel in order to deliver a quality product 

to our target users.  

No. Requirements 

26.  
The login interface should be clear and simple with the name of the application in 

the top of the screen. 

27.  
The home screen should have three tabs: one for the friend list, one for the request, 

and one for the settings. 

28.  
The messaging interface should contain a history of the last 20 messages sent, and a 

button to start composing a message. 

29.  
The symbols should be categorized and displayed in a grid to facilitate the selection 

process. 

30.  The application should provide a simple view to add friends by their emails.  

31.  
The application should provide different options for the selection: either one click, 

hold click, or double click. Diversity in this domain will be helpful owing to the 

varied physical handicaps of ASD sufferers. 

Table 4. Interface Requirements 
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3. Design 

3.1. Entity Relational Diagram 

Once we have gathered the requirements, we designed the Entity Relational Diagram (ERD) 

as shown below. It is composed of four tables that represents the entities of our project. In 

addition, it also illustrates the relationships between tables using the Crow’s Foot notation.  

 

Figure 1. Entity Relational Diagram 
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3.1.1. Description of the entities 

This section describes each entity of the previously shown ERD. 

User: the table ‘user’ refers to the users using the applications. Each user in the system is 

identified by a username and a password and has additional information such as his/her full 

name and email. The username will allow the system to identify which user is trying to 

connect and the password will be used to proceed with the connection. 

Friend: the table ‘friend’ refers to the list of friends of each user. The table contains a 

primary key ‘idFriend’ that identifies the friendship, and two foreign keys to the table ‘user’ 

that represent the friends. The first foreign key indicates the user using the system, and the 

second foreign key indicates the friend with whom the user is a friend with. Consequently, 

when a user adds a new friend, the table will add two entries: the first one that indicates with 

whom you become friend, and another to indicate you as a friend to the other user. This way, 

it will be much easier to fetch for friends when a user logs in by only selecting the table for 

his friends. In addition, the table also include a request field which used to send requests to 

user. If the field is ‘true’ then the friendship exists, if it is ‘false’, then the entry is deleted and 

the friendship is removed. The friend list is mandatory as it represents the first step to start a 

conversation.  

Conversation: the table ‘conversation’ represents the conversations between two users. It has 

an identifier, and the two users communicating with each other. This table has a relationship 

with the table ‘messages’ because a conversation is composed of many messages. This design 

will help us better organize conversations between users, and I will be much easier fetching 

messages of a specific conversation since we will only fetch by conversation ID rather than 

fetching by source and then by destination. Thus, when a user clicks on a contact, a request 

will be made to the server with the conversation ID. This way the server will only select the 
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messages of the conversation and sends them back to the user. Afterwards, the client will 

format the messages and displays them to the user. 

Messages: the table ‘messages’ represents the different messages sent and received. This 

table refers the table ‘conversation’, specifies the date at which a message is sent, and has a 

field to determine if the recipient of the message has received the message. Additionally, this 

table has a content field that represents the messages itself. . Furthermore, the pictures of the 

system will be stored locally in the client side, which makes it easier to send and receive 

messages by simply communicating the IDs. The content of a message contains the IDs of all 

the symbols sent, so as when the clients receives the messages, it replaces  the ID by the 

actual images before displaying it to the user.  

Basically, each picture in the system is defined by a unique global ID that users use as part of 

their messages. In fact, every time we add a new set of pictures to our system, we give to each 

picture an ID, and the more symbols we have the larger out collection gets. 

Additionally, the server side will only keep the last twenty messages sent rather than keeping 

the entire conversation. This allowed us to better manage our tables, and quickly retrieve the 

desired conversations. On the other hand, the client side will locally store the entire 

conversation should the user needs to check the full history.  

Finally, the server will maintain collections of pictures that the client can download at any 

given time. Initially, the client comes with a predefined set of pictures, but as the client uses 

the application, he/she can get access to a larger variety of pictures through our server. 

Furthermore, the pictures can be downloaded in sets that are thematically organized (“fruits”, 

“sports”, “outdoor activities”, “domestic tasks”, etc.), and if a picture is referred and the local 

client does not have it, an appropriate “don’t have this picture” icon will be displayed, along 

with option to download it from the server.  
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3.2. Conceptual Architecture 

The Conceptual Architecture allows us to draw a general and complete overview of all the 

processes supported by the application.  

 

Figure 2. Conceptual Architecture 
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3.3. Use Case Diagram 

The Use Case Diagram represents the interaction between the actors and the system. In our 

project, we have only considered one actor, which is the end user.  

 

Figure 3. Use Case Diagram 
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3.3.1. Use-Case Specifications 

The user is allowed to perform the actions represented in the following use cases: 

3.3.1.1. Login to the application 

Use case name Login 

Use case ID 01 

Use case description 

The user will login to the system in order to access 

the functionalities of the application. 

Actors User 

Precondition 

A user friendly interface that allows the user to enter 

his/her username and password. 

Main flow The system will verify if the login credentials. 

Post condition 

Either the user will be allowed the access to the 

system or an error message will be displayed. 

 

3.3.1.2. Add friend 

Use case name Add Friend  

Use case ID 02 

Use case description 

The user is allowed to add new friends to his friend 

list. 

Actors User 

Precondition The user should be logged in. 

Main flow The user sends friend request to the added friend. 

Post condition 

The system should display a success message and 

redirect the user to his/her friend list. 
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3.3.1.3. Search friend 

Use case name Search friend  

Use case ID 03 

Use case description 

The user is allowed to search friends in the friend 

list. 

Actors User 

Precondition 

The user should be logged in. 

The user should have at least one friend. 

Main flow 

The system executes a search method on the friend 

list. 

Post condition 

The system should display the desired friend, or an 

empty result if the friend does not exist.  

 

3.3.1.4. Delete friend 

Use case name Delete friend  

Use case ID 04 

Use case description 

The user is allowed to delete friends from in the 

friend list. 

Actors User 

Precondition 

The user should be logged in. 

The user should have at least one friend. 

Main flow 

The system deletes the friendship entry in the 

database. 

Post condition The system refreshes the friend list.  
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3.3.1.5. Modify personal information 

Use case name Modify personal information  

Use case ID 05 

Use case description 

The user is allowed to modify his own personal 

information. 

Actors User 

Precondition The user should be logged in. 

Main flow The system updates the information. 

Post condition 

The system should display a success message and 

refresh the screen. 

 

3.3.1.6. Delete account 

Use case name Delete account 

Use case ID 06 

Use case description The user is allowed to delete his account. 

Actors User 

Precondition The user should be logged in. 

Main flow 

The system deletes the user data from the database, 

and deletes the account. 

Post condition The system is redirected to the login activity. 
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3.3.1.7. Add conversation 

Use case name Add conversation 

Use case ID 07 

Use case description 

The user is allowed to initiate a conversation with a 

friend in the friend list. 

Actors User 

Precondition 

The user should be logged in. 

The user should have at least one friend. 

Main flow 

The system creates a new conversation in the 

database. 

Post condition The system is redirected to the messaging interface. 

 

3.3.1.8. Compose message 

Use case name Compose message 

Use case ID 08 

Use case description The user is allowed to compose a PECS message. 

Actors User 

Precondition 

The user should be logged in. 

The user should have at least one conversation. 

The system should contain at least one PECS. 

Main flow 

The application formats the message and enters it in 

the database. 

Post condition The message is displayed in the screen. 
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3.3.1.9. Receive a message 

Use case name Receive a message 

Use case ID 09 

Use case description The user can receive new messages. 

Actors User 

Precondition 

The user should be logged in. 

The user should have at least one conversation. 

Main flow 

The system fetches the database for new messages. 

If any, the system marks them as notified. 

Post condition The system displays the message. 

 

 

3.3.1.10. Delete conversation 

Use case name Delete conversation 

Use case ID 10 

Use case description The user is allowed to delete conversations. 

Actors User 

Precondition 

The user should be logged in. 

The user should have at least one conversation. 

Main flow 

The system deletes the conversation with all its 

messages from the database. 

Post condition The system redirects the user to his friend list. 
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3.3.1.11. Modify settings 

Use case name Modify settings 

Use case ID 11 

Use case description The user is allowed to modify the settings. 

Actors User 

Precondition The user should be logged in. 

Main flow The application is updated with the new settings. 

Post condition The settings are activated and saved. 

 

 

3.3.1.12. Register 

Use case name Register an account 

Use case ID 12 

Use case description The user can create an account. 

Actors User 

Precondition Registration interface. 

Main flow The system registers the new user in the database. 

Post condition The system is redirected to the login interface.  
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3.3.1.13. Reset the password 

Use case name Reset the password 

Use case ID 13 

Use case description The user is allowed to ask for a new password. 

Actors User 

Precondition 

Reset password interface. 

A valid email address. 

Main flow 

The system reset the password and sends it to the 

user email address. 

Post condition The system is redirected to the login activity. 
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3.4. Sequence Diagram 

The sequence diagram illustrates the process and the sequence associated with a specific 

action. It helps us visualize the data flow and how the action is carried out through the 

different methods and functionalities of our application.  

 

Figure 4. Sequence Diagram 
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3.5. System Architecture 

3.5.1. MVC Architecture 

When we talk about web services and web technologies, we usually refer to the MVC 

architecture. It is a very popular architecture that distinguishes three main roles of a project: 

the Model, the View, and the Controller. 

 

Figure 5. MVC Model 

 

The Model represents the logic of the program. It is where all the calculations are made and 

all the results are generated. Its primary role is to satisfy a request and come up with an 

appropriate result as a piece of information to send back to the user.  

The View allows the display of the information to the user. A graphical user interface that 

format the results and information into a nice interface to the user. In addition, the View is 

also the place where new requests are created. For instance: a web page.  
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The Controller is the middle man. It takes the request from the View and send them to the 

Model. Once the Model processes the request and come up with a result, the Controller take 

the generated piece of information and send it back to the View. The View then takes the 

information, formats it and displays it to the user.  

3.5.2. System Architecture 

 

Figure 6. System Architecture 

 

As we mentioned before, the architecture we have chosen is to have the server side module 

and the client side module.  

The server side is the web server implementing all the functionalities of our project. It 

implements a RESTful web services that will be consumed by REST clients. The web service 
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implements the models and the interaction with the databases. The models are where the data 

is treated and processes whereas the database is where the data is stored.  

The client side is the Android application. The client deals with the graphical user interface 

and how data is formatted to the end user. It also includes the controller that sends requests to 

the web server and receives the corresponding responses. For the purpose of this project, we 

only have to build an Android application, but in fact, the client could be any device meant to 

consume a RESTful web service, such as a browser. 

 

3.5.3. What is REST? 

According to Oracle’s definition, Representational State Transfer (REST) is “is an 

architectural style that specifies constraints, such as the uniform interface, that if applied to a 

web service induces desirable properties, such as performance, scalability, and modifiability 

that enable services to work best on the Web”. This means that REST deals with data as 

resources, and therefore, they are accessed using simple URLs. In addition, a RESTful web 

service uses only the HTTP protocol and therefore allows the user to format the requests and 

the responses using any format they feel comfortable with. This can vary from HTML, XML, 

JSON, etc.  

In our situation, we are going to use simple URLs to access our web service through the 

HTTP protocol. Once the request is processed, we will use the JSON format to send back the 

response. The client will then parse the file, format the response, and displays it to the user.  

3.5.4. What is JSON? 

The JavaScript Object Notation (JSON) is a human readable text in which data objects are 

represented as a pair of attributes and their values. It is mostly used with asynchronous 

communication between a client and a server. Here the client can be a browser, a stand-alone 
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application, or like in our case, an Android application. Usually, applications uses JSON as a 

better alternative to the classical way of using Extensible Markup Language (XML). 

 

3.5.5. JAX-RS 

JAX-RS is an Application Programming Interface (API) created specifically to develop web 

services that takes advantage of the REST architecture. It is considered a powerful API 

because it takes advantage of the Java annotation system to decorate and indicate the needed 

resources and the actions to perform on them.  

3.5.6. Jersey Framework 

Many frameworks take advantage of the JAX-RS API, and the Jersey Framework is one of 

them. It mainly provides support from the API and implements the necessary classes and 

methods that are required for developing RESTful web services. In our application, we will 

use the Jersey framework to implement our web service and the different functionalities the 

application offers.   
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3.6. REST vs SOAP 

This section presents a small comparison of the two types of web services: REST and SOAP 

(Simple Object Access Protocol). 

 

Table 5. SOAP vs REST 

 

Both technologies are worth knowing and studying. One should know their strengths and 

weaknesses. For my case, I am already familiar with the SOAP type of web services; 

therefore, it was an obvious choice when I first started this project. For this reason, I preferred 

to choose REST to learn more about it and be able to work with it should I ever need to.  

Another reason of why I chose REST is because of its easiness of learning compared to the 

SOAP technology. It mainly uses simple calls to the service via URL which makes a huge 

difference. This combined with the ability to choose whether to work with JSON or XML to 

send and receive data made it very convincing as a choice. 
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3.7. Technology Enablers 

During the development of the application, we will be using two primary integrated 

development environments (IDEs): 

 Eclipse JEE edition: this IDE will be used to develop the server side of the project. 

 Android Studio: This IDE will be used to develop the client side, which is an Android 

client application. 

SERVER SIDE 

 Apache Server 

 JAX-RS API 

 Jersey Framework 

 MySQL 

In addition, we will use the Google Chrome extension ‘Advance REST Client Application’ to 

test the different functionalities of the web server. 

CLIENT SIDE (Android) 

 Android API for Android Studio 

 Android Virtual Machine 

 Android Async HTTP Handler library 

 ShowcaseView library 

The library ‘Android Async HTTP Handler’ will allow us to send HTTP requests 

asynchronously, and similarly receive responses from the web server asynchronously.  

The library ShowcasView will allow us create tutorials for when the application is installed 

for the first time in a device, we can help the user and guide him/her into using the 
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application. This way we can showcase all the functionalities of the application, so the user 

becomes aware of them and knows how to use them.  
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4. Web Service Development 

4.1. Using Jersey REST framework 

In this section, we will demonstrate how we used the Jersey REST framework to build our 

web service.  

The Framework allows us to associate each resource with a specific URL path using Java 

annotation. Therefore, when a user desires to access the said resource, he/she only needs to 

use the related URL.  

 @Path annotation is responsible for assigning a path to a resource.  

Similarly, we can assign the access method (GET, POST, PUT, and DELETE) to resources to 

specifically indicate that the resource is only accessible through the indicated HTTP method.  

 @GET, @POST, @PUT, @DELETE annotations are responsible for defining how a resource 

can be accessed.  

The framework also provides a simple java annotation to indicate which type of text file to 

use for the output. Therefore, we can easily chose to work with JSON or another type. For our 

project, we decided to work with JSON as it will be easy to parse and work with both in the 

server side and in the client side of the application. 

 @Produces(MediType.<yourType>) annotation is responsible for selecting a media type 

as JSON where the output will be stored.  

Since a RESTful web services is invoked by using simple URL, the Jersey Framework 

implements yet another easy annotation to specify parameters that are needed to some 

methods.  

 @QueryParam(<nameOfParam>) annotaion is specifically used when there is a need to 

specify a parameter in the URL path of the desired resource.  
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Login.java 

 

Figure 7. Login web service 

 

Register.java 

 

Figure 8. Register web service 
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Send.java 

 

Figure 9. Send Web Service 

 

Receive.java 

 

Figure 10. Receive web service 
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4.2. Testing with Advance REST Client Application 

Before we can move to the client development, we need to test the different methods of our 

web service. Thankfully, there exists a Google Chrome extension by the name of ‘Advanced 

REST Client Application’ that allows us to send requests and receive the corresponding 

responses.  

The client allows us to specify the path, the parameters if there are any, and even the HTTP 

method. Once the request is sent, it will display to the screen the full HTTP request and the 

response alongside with the output media if it is specified in the web service. 

 

 

Figure 11. Advanced REST client app 

 

Using this testing methodology, we could test all the functionalities of our web server before 

developing the Android client.  
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5. Android Client Development 

 

Before we start the development of the Android client, we need to define an important 

concept in Android architecture which is the Activity Manager. In a typical programming 

language, the first function to execute is usually the main; however, the Android platform 

uses a different way to initiate a program: Activities. 

An Activity is a component meant for interaction with the user. It can have its proper user 

interface as the login Activity, or it can work with no interface, like a radio activity. Each 

activity within an application has specific actions associated with it. For instance, a login 

activity will have a nice graphical user interface with textboxes, so the user can enter his 

username and password. The action in this case is to authenticate the user; therefore, once 

logged in the user is redirected to another activity that also have its proper actions.  

In every Android application, there exists one special Activity which is often called the Main 

Activity. This is the first Activity to launch when we start the application.  

As explained earlier, an activity can have its graphical user interface, and this interface is just 

a simple XML file containing elements of the graphics, such as buttons and textboxes. 

The following is the XML file of the login plus the activity: 
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Figure 12. Login XML 

 

We can see that the login xml file is composed of graphical elements, such as scroll views, 

linear layouts, and text views. 

Each element can have many properties that goes from resizing it or completely changing its 

graphics, such as position, size, height, width, etc. 



PECS Messaging Application    -    48 

 

Figure 13. Login activity 

 

In order for a java class to become an activity, it must extend the Activity Manager. There 

exists many types of Activities -- some are more adapted to specific scenarios like having a 

list or a grid view. For our case, we only work with the normal Activity. 

The first important thing to do when creating an activity is to override the function 

onCreate() because it is the first method to execute when an Activity starts. In this method, 

we can initialize the different GUI elements, so we can work with them later on. In addition, 

we can also call other methods should we ever need so. This method is where the Activity 
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start and therefore it is also the right place to initialize any variables or graphical elements if 

we ever intend to use them later.  

5.1. Android Async HTTP Handler 

The Android Asynchronous HTTP Handler allows us to send asynchronous requests to a web 

server and of course receive asynchronous responses. For the purpose of our project, and 

since we are building a RESTful web service that can be consumed by a REST client, we 

have to use asynchronous handling since it takes advantage of the REST architecture.  

In order to send a request, we need first to gather the parameters that are required by the web 

service method we are trying to call from our client.  

In order to do so, the Android Asynch HTTP Handler allows us to create an object of type 

RequestParams in which we put the parameters we need, as shown below. 

 

Figure 14. Login Async Task 

 

Once we have all the required parameters, we can invoke the function that takes care of 

sending the request and receiving the response.  
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Figure 15. Login WS part A 

 

As we can see in the example, we initiate a new object of type AsyncHttpClient and we pass 

the parameters we gather earlier as an input.  

However, it also requires overriding two other methods. The first is called onSuccess(). This 

method is invoked when the request is sent successfully, and we receive the desired response. 

Within this method, we implement the desired functionalities when we receive the response. 

For instance, when invoking the login method of the web service, we receive the information 

of the user logging in. In this case, we chose to save this information when the operation 

succeed. On the other hand, when the operation fails, the second overridden function is called 

instead. The onFailure() function is where we implement the handling of the error that 

caused the operation to fail. In our case, when the operation of logging in fails, we display the 

error message.  
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Figure 16. Login WS part B 

 

 

Figure 17. Login WS part C 

 

In this project, we decided that the Android client will represent the graphical user interface to 

our web service implemented in separately on a web server. Therefore, the Android client is 

only displaying information to the user, and sending and receiving data to the web server. 
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Therefore, every time there is a need to contact the web server, we will use the Android 

Asynchronous HTTP Handler to send requests and receive responses as explained and 

illustrated earlier.  
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5.2. Results 

        

     

Figure 18. Application screenshots 
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6. STEEPLE Analysis 

 

During the development of the project, we took into account different parameters commonly 

known as STEEPLE: 

 Societal: The application addresses a social problem which is helping all the people 

suffering from the Autistic Spectrum Disorder (ASD) to learn speech and better 

communicate with other human beings.  

 Technical: The application also facilitates the learning by incorporating PECS in a 

mobile application. This will not only encourage the learning of basic communication 

skills, but also to use mobile devices and how to use them.  

 Environmental: The application does not present any environmental issues.  

 Ethical: The application does not harm or lead to any unethical behavior. The 

application is designed to enhance the life quality of individuals suffering from ASD. 

 Political & Legal: The application has no political concern, nor does it break any 

Moroccan or International law.  

 Economic: This project is just a proof-of-concept, but if I were given a chance to 

develop it fully, we will make it available freely to the ASD community.  
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7. Future Work 

Even though the majority of functionalities were implemented, the application is still a proof-

of-concept and there is still room for modifications and optimization.  

Currently, the PECS database has approximately a few dozens of the picture cards which is 

still small compared to the huge number of pictures available online. Therefore, populating 

the database with more pictures is one of the parts that still need some work.  

Additionally, we can add optional functionalities such as voice recording to cover a larger 

range of customers. This will also allow the user to record the voicing of the object in any 

language, and therefore have a direct impact on learning the language and communicating 

with other people.  

Predicting the next symbol to use within the composition of a message was initially part of the 

requirements; however, due to time constraints, this functionality was not developed. As far 

as I am concerned, I believe that this functionality can bring a lot to the table, especially when 

the software grows and incorporate more and more PECS. The more pictures there is in the 

system, the longer it will take to fetch for the desired symbol, which ultimately can cause 

frustration to people suffering from Autistic Spectrum Disorder.  
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8. Conclusion 

Working on this capstone project was a real opportunity and a fruitful experience to learn 

even more than I have already studied during my past years at the university.  

At the beginning of this experience, I planned to achieve three objectives. The first was to 

learn the Android environment and how to build an Android application. The only knowledge 

I had at the time was limited experience with the programming language Java which helped 

me even more than I expected. At the end of the project, I can say that I become a better 

programmer in terms of Java and in building Android applications. However, I still need to 

learn more as I always have this feeling of not knowing enough. 

The second objective I had fixed for myself was to deepen my knowledge about web services. 

During the design phase of the project, I learned that there are two types of web services: 

SOAP and REST. Having already studied a little bit about the SAOP web services, the choice 

was obvious into choosing to work with REST. By the end of this project, I become aware of 

both technologies, so I can say that the objective was achieved.  

Finally, the last objective that I set to myself was to learn a new concept in the Artificial 

Intelligence as we could also add a nice feature in the software that predicts the next symbol 

to use in a sentence. Unfortunately, because of time constraint, I could not implement this part 

of the project; however, I still managed to read about it and discuss it with my supervisor.  
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Appendix A 

A.1 Picture Collection 

  

   

Figure 19. Pictures Collection 


